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4BSTBIC1 ^ 

Baphasizing* a problea-solving perspective, the 
docoaent investigates .the world food scene. Siaply defined, the acrid 
food p^oblea is t^e apparent inability of the acrid 's^ people to feed 
theaselves adeqaately and consistently. Intended for ase by college 
level geography 'instractors as they develop ccarsea on haaa^i uses of • 
the environaent, the docaaent presents data on tji^ natore cf food ^ 
sapply aysteas, natritica concepts^ and aethcdoi^gical ideas. The 
docuaei^ is presented in four chapters. Chapter I offers a^ 
geographical assessaent of the acrid food prcblea. Bsjcr topics are « 
enecgy and protein need, food excess and deficit, national liets, 
diet .coaposition, ajid diet qaantity. Chapter II ccapares food sapply 
systeas in developing and developed nations. Chapter III disc^isses 
potential sclations to. the world food problea fcascdf apcn hoaan 
adaptation of the environpent, technology, egaitable distribution - 
within aa4 aaong nations, and population control. The final chapter 
suggests crjihtion of a world food policy Jbased ^upcn egaitable ' 
distribution of fodd, changes in diet in industrialised areas^ . 
allobatfon bfr resources to developing areaa, and crea^tion of saallerr 
less energy intensive faras in'inMstrialized agricultural systeaa* 
(^thor/DB) ' . \ 
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FOREWOR^f 

A mJ^^f vi!c:^T**'''^,°°u Geograpty of the Association of 

. ^^^P^^ published -its first Resoifrc^ 'P^per. Jheorife of 

• ^ j^'^c^y. ^' L 1974^oiicid^g S the 

■ ^p^^V^^&fS* ^ ^ •Co-nM«''o'«. Resource P^^r n^^r 
wJiT^' 1 "nt^f'^eveloitoient dhd Modernization of the Thirxi 

Svi? ^^^^ ^"f^ ^"'P W Of'the many cS 

iStTiiL • S!.:'!*^!!^ '^^P*" became an effective means f«. 

" Efi^w"* ^"'^ '^P developments in 

• AA^l!!lf! P°i»^»y "d u«fulness d{ the* Resource Papers; the 
AAG api^ for. and received a modest grant from NSF to continue to 
pmaj«R«ource Pap«, and to jSuT^series on a. self-supportr^W 

'^^"^ f^""" ^^P^ ««A6cribQ8 to the origiil pulses of 
the Senes. Vhich are quotedbelqw; • ' »«*^Po^ 

* "'uJ^ J^^I^Sr. ^/t:^ developed expository d,icu-ments for-'the 

** instiwrtor. Tliey are experitnentai in that they 
^^gned to sUpplemtet otitrng lexU and to fill a between s.gnifiS 

ir^J^jif^- «^P»>y ««1 aca»si.bte materials. Ttepapm 

are ODBcenied with imporfaDt cxmcepte or lopics A modern aioaraohVand 

or cortemporary fooM relevance They are designed to imjlement a vj^^ 
™dergradu«e college geography courses at jjie introductory and advanced . 

^^ll*?J^°V° ^ °"J'<y of Ihese papers, the- Panel has 

. «^Pted to be p«ticularly sensitive to the currency of materials for 
' tS*^^ g»graphy courses and to the writtng style of these papers 
s^IZ^^^^A iV^^' P^°**^' distributed underlie 

^y9«^"° Geographers, with partial funding • 
from a NaUonal Science Foundation grang The ideas presented In these 
papws doMt imply endorsement-by the AAG ^ 
Many ii^diviAals have assisted in producing these Resource Papers, and ' 

^ "»^*^ ^ P«~' ^° revieiiidgSe 
authors prrtpectusas ,n readin^'and commenUng on the various- 
and m making helpful sqggeftions.' The Panel ^ acknowledges the' 
KgS^"?^'"" and editorial assistance oflS^e F. Castner of the 
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PREFACE 



In writing Triumph orTrioge we have come to conclusions that "have left 
« personaHy unccmfortable. conclusions that we only: vaguely suspected 
whep we began the project. The reader may share^oir dLdifprt iToS 
conflusions are seen to be valid: We doubt that Sis paper can be read 
- strongly one nay differ from ourperspective The 

"l^r^ "r^u ^ '^"1^ opportunity to exLEnot only 

?ir^i^^„'^" "''^ "'•"'^ and'sdenlists iri Wty. mZ 

. ven^immmum. we are all partidpante in the worid food scene 

We mil be usipg this resource paper principally in our courses on human 

f^ l^nS^S!;^""^* ^ff ' ^" discussioi of the nature of 

food supply Systems toward a proWem-solving perspective. For lower divi, 
ri^S^n^' pai^ofters consideraW^dauS'Snc^pts for oTideS- 
^SlT^ elaboration. For advanced studfents. it is a point of departure toward' 
specilic issues arfd methodological ideas. For all sludents. foodand famSe 
question with a vast and accumulating Uterature awaiting 
scrutiny from a geographer's wewp^inL 

One fundamental pitoblem in adSres^ig such a diffuse topic is finding 
hS^K r°i" reflection. The paper sacrifices depth for 

breadth tn ord» to provide a multipUcity of,«tarting points. Inj)reparing the 
pa^ wKiound that oi^ preconceived pmpectiv« (such J^^S^syl 
Vsms and the concept of vulnerability) were insufficient to allow us to ad- 

'*°i!ll=''*i^°? '"P^ ^ problem; we hope the 

^ent can benefit from the oonsideraHe investment we made before other 
too ttegan to emerge. 

An a^diti«»iprobjem is'the identification of data souixss. We have top- 
ped only Ae surface ofa vast amount of data and Uterature. and our citations 
wwsipest sources from «fhich on6 can develop more detailed iialyses 
There are- innumerable data sets on food production and consumption for 
manumUtion. mapping and analysis. The appar^fly pitwaic nature of map- 
ping, tabulauon or statistical analysis is deceiving. In forking with datT 

u f^'^ ^» othe^rwise'^te^^iSi 

and^is forced to recognize both the virtues and the limitations of data being 

n JJllIS?? "^l '^'^^ ^^P*"* to *e worid fJSd 

problem that we have oversimpUfied or completely ignored. One (rf these is 
tfte disparate nature of food consumption at a sub^ional I^vel as differen- 

Sili?-ffK' '^o"- characteristics. 

Another «the food produrtion and provision system of centrally planned or 
•ooal^ economies. In addition, wp have bypassed the historical processes 

wFa^the entidnrand^ 
tart bving hlstoriofl-tanns such as' Old Sturbridge Village in Kfass^chiuSL 
jnd Uvinij Hjtory Farms in Iowa. There U nd Sd to mSin^SXeS 
for mdividual and classrtwm exploration. • airecnons 

.We trust that this paper will prove usrful in other than spedalized 

tated by questions of food and famine, and it is in introductory courses thit 

^ *^ A '^'^ on worid foocTW 

lem, though, sounds intriguing . . , r 
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The Blind Men and the Elephant 

\,s It six men of I/ldoston 

To leoiTiing much incJin^, » 
- I / 'Who weRt to see t^e EJephont 

\ ' ' • (Though qW of them were blii^l ^ 

' [ That each by observation . 

I ' Might satisfy his minji. 

• ( The £iret opproacfted the Elephant. 

And happe^iing to fall ' , 

^ ' * ^^inst his broad and ^xirdy side, 
AX once began to bawt 
"God Wess me? but the Elephant 
* ^ . Is very like a wcllV . 

The Second , feeling of the tusk, 
^ Cried. "Ho' what have we here 

So very round and smoi^h and sharp? 

To me' fis raighty c/rtt, , 
This wonder of on Elephatit - 
^ Is very like a spear*" 

The Third approof bed the animal, 
\ -And happening to take 

The squirming titmk within bis hands» 
Thus boldly up and yxike: 

• "I see." quoth he, "the Elephant 

Is very like a snokef" 

The Fvurih reached out his eager hand» 
> ^ \ And felt about the knee. 

"What most this wondrous betfsf is like 

Is mighty plain." quoth he; 
" VTirtrlcor enough the Elephaht " 
Is very like a treeV 

The Fifth who chanced to touch the ear, 
Soia: "E'eti the blindest man 
' Co*] tell what this resem^es most; 

Deny the fact who can. ' 

This marvel <^ an Elephant 
Is very like a fanf ' 

The Sixth no sooner had begun 
About the beast to grppe. ^ 1 

* Than; seizing' on the swinging tail 
T^at fcJI within his scope. 

"I see.'* quoth he, "the ElefJhant 
fs very like a ropef" 

And so these men of fndostan 

Disputed loud and^long. 
Each in his own opinion , 
Exceeding' ktiff and strong. 
, ' * Though each *vas partly in the right 

And all were in the wrongf • 



John Godfrey Saxe (18^2) 



INTRODUCTION 



Problejns^f food suppljr and famine are apiong th6 
most bewildefing. diffuse, and. frustrating' 6f man- 
kind's contempc^ dilemmas, 'Withih the lifetime 
of each of u*. official vi^i^ of tlje worM fdod situa-/ 
Uon have ranged from dire predictions of starving 
hordes to expect^ions of a nirvana ol plentiful food ^ 
.supply, only to. return dgain to impending doom/ 
Even whiFe one view lyas in yogue, thefe rei^ained ' 
proponents of (he opposite opinion. One expert 
. -states that famine is imminent; anethef that our abil- 
ity to feed thfi world^s people ade^ately is findlly - 
w>thm reach. ♦As ^residents of an- industrialized na- 
tion. we are^told that'advanced a'griciiltural technoU 
ogy nof only provides us with food for a lower pro- . • 
, portion of income thai^elsewhere, hurts aJ^o the hope 
for successful agricultural. development in the 
' poorer nations. On the Qther hani, we are accused of 
profhgate consumption of tesourqes and wasteful ' 
adherence to diets that iie mor^ly unjustifiable in a 
^ htuigr)t world. The fundamentals of our politiai and 
ecdnomic systems, aldng|Vyilh our technologJL are 
questioned in the fac6 q! persistenf hunger within 
the industrialized nations. Even among those who ' 
agree thai there is a world food problem; there Is 
widespread disagreement on its causes and potential 
_^ns«juences. lej alone its solutions. Commodity 
f<^lJ^ the difhasion of technology, and policies of 
- tnage are among the responses that Have been pre-* 
pcMed.' It is understandable ttaft ,we may see our- 
lelves as one of Saxe'shlind men, when even experl^^ 
cannot agree among themsklves. 
To most of US; famine connotes a lacVof f(x>d, l^d- 
^ ing to starvation. Most fanilliar, p^haps. are famines 
ge SaheJian region of VVest Africa or in Bangladesh. 
However, there is a more- insidious Kind of famine ' 
the virtually continuous lack of food elements that 
^sustain optimum growth and well-bein^. that protect 
against dietary deficiencies, and that strengthen the 
.body against infection.* T|ius it is useful to distin- 
guish two kinds, of food* shortage, perennial hunger 
and catastrophic famine (Mayer, 1976): ' \ 

' ffunger— insufficient caloric, protein^.qr pfotec- 
^ tive elemenU on a sustained basis, indefinite in 
" <lme and often dispensed in spaoB; \ 

Famine— food 'deridehcy, leading to starv«'Oon. 

with a short-ten& proximate ^use, definite dura* 

*Ion. arid Specific spatial locus. 

' ^° ^* iipvttloo of wounded or in^nd peopie 

teto tfam grouiM tboM who wUi survive wfthout treetroentt thdie 
who win whrivt 1/ t««ted, thoee for wh»m trealnurat cannot- 
?t**!f^l5r%Lf**^ *|[ho tinu m «]lo%ved to aie.ln the tontexl of 
niii papv., Mge rrfurt to abandonins nations whoae future ir 
kypalM tofhe^ own MaJthusian fate 



The costs of faming to human society are obvious in 
'^e catastrophic i^se. But we must remember,- the 
nigh price paid in infant mortahty. protein malnutri- ' 
tion. impaired physical and^mental well-b^g. and 
early xtea^ from disease that occur in areasof peren- 
nial' hunger. ' ' ^ ^ - ' 

Becaus^ood is necessary- to* survival,' it-i^ ijttle 
wonder thiit its produ(^on, availabiUty, character, 
and consumption pervade human socie^. For tradi-. ' 
tional societies, prptision qf food is a significant ac- 
tivity and a primary concern for all memberst In in- 
dustrialized societies, jnqreases in inflation inevita- 
bly briii^ the television commentator to the grocery 
sTore. Food is sustenance. It is pleasure Food is the 
produd-^rthe backyard garden; it is a muljimillion 
dollar business. Food is life, politics, matter, energy/ 
Think, for a moment, of the nature of food. Your ' 
first "the^ughts may focus on its nutritional ^ 
components-^caloVie^.. protein. vitamins, / 
minerals— re<^lling you^ modicum of knowledge of 
these elements. In addition, you may reflect on tKe 
events that are the context of fbod consumption: the ' 
wedding receptionf the bowline banquet. Sunday 
dinner^the quick lunch 4long theTiighway. the rever- 
end taking of bread and wiM. These events 
suggested a wider function of fo© J, th^t is, food agd 
' Its ingesfion' asja social act. laden with symbolidL 
value.-tying pedple together. Food symbelizes time 
of day (bacon and e^gS: tea and crumpets) 'season of 
year (eggnog and fruncake: hamburgers and potato ' 
salad), and ceremonial events (Thanksgiving tur- * 
key). Hot-dogs wbuH-be as 6ut of place at a White. 
House state dinner as ham at a'Bar Mitzvafe. What we 
;don*t eat is, often as meaningful as what we do. 

In considering.the actual physicaj characferistics * 
of food, another set of food related ftinctions may.be 
obvious. Color, texfur|»,.arrahgeinent on serving dish- * , 
es. sequence of courses, and other attributes 
suggest^ an aesthetic rofe of food b§yond its nutri- 
tional role. What about food that Jias been highly' 
modified in/prtn, such as akoholjc beverages? la the 
function 9f imbibing only nutrition, or is it eveh liu-' 
trition? Dpes -the kind^f beverage have'symbolic ' 
connotation^? « ' * 

Sti8tairting:<he pervasive role of foodf consumption • ' 
m society are fooifsupply systems, ultimately rooted 
in the soil and sun. ex^endipg from food producers to 
consumers, tn the case of traditioharagricultu|e''in 
developing areas, ^ven the presence 'of cash, crops 
does not alter an enduring pattern of the farmiamily ' 
supplying most of^its own food, producing littleS 
surplus as a reliable food source for others. The pro- ' 
ducing unit is also-the consuming ^nit, at least until ^ 
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famine strikes and food must be supplied from ^Itei- 
native local, nationah or ijiternational sources. At an 
opposite fextrerad is the farm in the industrialized 
\i?ortiH. no longer appropriale /or **country bumpki^' ' - 
']0^is. with each^ employee fetding 25 people \vho 
hve or work elsewhere Here, food consumption is at 
the far end' of a long and complex chain knking 
farmer to consumer Among links in the chain are 
flows of materials and ideas to fhe farm bom agri- . 
business and uitiversities: flows of money, iftduce- , 
meats, and subsidies to the farfn from grain dealers, ; 
food processors, and government, with a return flow 
of farm product^ and links* between dealers, food 
processors, wholesalers, and retailers'to the ultimate . 
consumer, depending on heavily used transportation 
networks. Then, between ^hese extremes are food I 
sifpply sy^stems based on the so-called "green reyolu- 
tion'* farm, beneficiary, of improved crVp varieties 
and agricultural techniques developed in local and 
international research irtstitutes Here local con- 
svimptiow may also persist, but increasmg in impor-' 
tance are. sources froni which-f^m inputs^ *are se- 
cured (seed, fertilizer, -chemicals) and markets for 
disposing of farnx production Cash and material 
flows beqome ifriportant. 4s does the institutional 
framework supporting them. At various^laces on 
emerging chains anchored in the gfe'en revplutiort 
farm are multinational corporations, , philanthropic 
organizations, internafionai agencies, marketing- 
bbards. and consumers , ^ 
' The intent of^tliis paper is to enhance dur und^r- 
standing of the world food problem Fortfce rpoment. , 
let us sirhply define this problem as thX apparent 
* inabifity of the world's people to feed themselves 
adequately arid consist^tly The problem is far more 
complex than that, of course, and its'cau5es (real or » 
imagined) 'are incredibly intractable As glsog- 
raphers. wefhave the advantage of a holistic perspec- 
'tfie from which tp undertake our'analysis— we can 
; see the proverbial forest as^well as the trees Because ^ 
the world fpod problem has many forests and ip-' 
numerable trees, wa musl focus our diftcussiori on 
some basic issues *that may help us td generate in;^ 
sights as vyell as place a multiplicity of data into a 
comprehei^Able framework Our specific purposes 
and approaches are these: 

' First, we ask whether there is a w^rld food prob- 
lem, suggesting an affirmative answer; , 



Second, we explore some dimensions of.the.w^orld 
' food situation, including a geographicaLperspec- 
tive op the fectors thatisontribute to the problem; 
Third, we analyze some important aspects of 'food- 
supply systems, with particularattention to a crit- 
ical questioning of industrialized agricultulpe as a 
solution to the world food problem; 
Fouhfi",>'e discuss potential solutions to the 
world *food problem, suggesting thffe risk of in-, 
cre^^ed duality and triage; and 
Finally. we conclude that although- no panacea 
exists, there is hope that equitable, humane solu- 
tions Will prevail. ^ 

One of us»was once visiting Everglades National 
Park in Florida. There: a hr^ht and seemingly en- 
thusiastic young paVk ranger explained the ecology . 
of the area Subsequ^tU'^she soberly explained that 
th^life-sustaining water-supply to that vast area fl^s* 
threatened, anci that here"* was an excellent opportun- 
ity to monitor the impact of- human activity-4::om- 
pounded bynature^s variability With amazement we 
noted the rarfger's virtual lack of passion as she de- 
scribed past and present, ecological devastation 
caused b\^, man Ldter we realized that scientific - 
aloofness and at least superfvp^al indifference make it 
possible to cope with truths that may bejemotionally 
intolerable So too. scientific detachment oiakes dis- 
cussion of the world^food problem possible. How- 
ever, two^ forces mitigate against. a lack of involve- 
ment. First' we arje particip'ant observers in th^ 
$tene Whether we experfence higher food prices or 
the sense-dulling spectre of deadend dyin^children^ 
photographed m famine-stricken areas, w^e shall find. 
It "increasingly difficult to hide our personal and 
humanitarian concerns 'As students. We examine the 
problem,. as Amencans,-:we are. from som# view- 
points." the probleA We are reminded of the 1960*s 
slogan^ "If you're not part of the solution, you're^art 
. of the probleiru'^-Seeond', as geographers we are 
among those whbse intellectual bent Ts toward hupian 
organizat^ion of space and use of resources. The cur- 

* rent situation calls forth^ery lOta ©f our personal 

• and prpfessional competence to understand, if not 
solve, the world food problem. ^ ^ 

The spectre of famine is increasingly our dally, torn- 
panion m t^ie world Almost e^'eryone has;« differ* 
ent answ^ ()ohn Deere advertisement 1976) 



i. THE iyORLD FQpD PROBLEM 



The wo4d food sititation is serious, evenj 
!t is also true that the |vorid*m«y hctvA 
time in history, the ability to^deale 
thfe inter^ctixig probleofs b/ food pre 
Uopulation growth and poverty. r 

Sterling Wortinan|l§76:31) 



evenckaj^^^' 
Too^MMl. rapid 



Is There A Problem? ^ 

Shortly after its creation, the Food and Agriculture 
Organization of the^ United Nations {FAO) issued the 
fir^ gf ks World Food Surveys (FAQiTtM6)/Based 

■ on an assumed daily caloric requirement of 2600 
calories pet- periotu it suggested that two-thirds' 
of the world's populatfon was malnourished 
Second World Food Survey (FAO. T952) took into 
^pcount regional differences in body size and ^ge- 
sex, distribution of the population! still sU^esting 
thata majority of the world's populatien went hun- 
gry;a view still held by the.FAO in 1961 {FAO, 1961)*^ 
and in its-'nWrd World Pood Survey (FAO. 1963]. 
Pessimism ^^jthe theme through the 1950's and 
1960's (PSAC, 1967). withfamhie predijcted by 1975. 
A series o{ po^ilar works echoed the tlieme. includ- 
ing books by Vogt {1948). de Castro (1§52), Russell 
(1954). Paddock an^ Paddo<i (1964, 1967), Ehrlich 
(1968), and Dunlonr^^and Rosier (1969). By the late 
1960's, pessimlsm^d become alarmism in some* 
quartm* whereas omciil views turned in the oppo-* 
sUe direction. Optimism expressed by Bennett 
(1954). Clark (1967). and Cochran^ (1969),wa»-p&d- 
leled by official views (Boerrtw. 1970). Inlts State of 
Food -and Agriculture for 1969, the FAO predicted 
wd surpluses mther than deficits, reflecting a com- 
biAation^^of peak world grain stocks accompanied by 
significant downward revision of human caloric and' 
im)tein needs by Worid Health Organization (WHO) 
and FAO expert groups. The promise of the "green 
revolytion" tontributed to a general euphoria (Wal- 
ters. J975). In 1^0, the U.S. Department of Agricul- 
ture's (USEIA) Economic Research Service projected 
a supp)y of food and fiber in excess of demand 
through 1980 (qSDA. 1970). A major problem seen * 
in the ehrly 1 97^0's was how to dispose of agricultural 
surpluses (Poleman. 1975). In 1971. an FAO nutri- 
tion group fgain cutcaloric needs and protein needs 

^by one-third (FAO. 197ib). 

\ By the middle 1970*8, pessimism again emerged. 
Grain stocks had dwindled as a result of production 
shortfalls, coind dentally followii^ a substantial de- 
oeaad in Canadian, and American wheat acreage in 



response to projected surplu^. 'Ominous predic-' 
^tions about chafiges in gbbal clibiate appeared (Bry- 
so6, 1976), suggesting that crop faikres in northern 
areas and famines in tropical, semiarid areas could 
^ become tfie norm. Brown (1974) entity assessed 
^ the WOTid food situation, and EckholmT1976) more 
recently documented ^©logical decline in major 
^ food producing areas. A continuing debate over 
population growth with respect to resources was en- 
capsulated in^comfJuter simulation models 6f world 
. futures that suggested population growth ahd * 
economic collapse (Meadows et d., 1972, 1974). Had 
the FAO overstated food problems in the 1940*s and t 
il950's? Do current FAO, food estimates understate*', 
/ supplies by ten to 15 percent^ as suggested by Pole- 
maR(l 9^5:511)? Was the optimism of the late 196q's • 
unwarranted? Is the present problem overstated 
jPoleman. 1975)? Is the apparent food problem sim- 
ply a result of transient factors (production shortfalls-, 
and lack ofWain reserves) or symptomatic of A-more 
enduring flilemma (Sanderson. 1975: Walters. 
1975)? Is the worl^ presently overpopulat^- (Whit- 
taker and Uken^^75); alwyt to become bverpopu- 
lated (Meadows et ail. 197^}: 6r capable of support- 
- ing double, if hot ten times its present numbers 
(Clark, 1967: deWit. 1967)? 

That malnutiitSon exists is hot disputed, nor is the 
occurrence of fwiine. What is disputed is whether 
these events siniply reflect an inability of Ipcal food 
systems to overcome social economic and spatial 
barriers' to equitable production amf provision of 
food, or whether these patterns are .harbingers of ^ . 
future fti which hunger and famine wjjl be increas- ^ 
ingly commonplacfe. On#resuU of this disagreement 
and uncertainty is a plethora of ideas about causes 
which cofrtribute to the world food problem^ It is 
possible to ste a sample of these causes jiva geo- « 
-graphical framework (Table 1). 

At a world scale, a number of pervasive factors, 
'creating food problems are sugg^stqd. Two en- . 
vironmental perspectives can be discerned. The fir^t - 
argues that food problems, even famine, emerge from 
occasional vagaries of environtnent, including 
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JABLE 1 A SPATIAL TyPOLC>GY OF "CAUSES" OF THyVQRLD FOOD PROBLEM 



Worldwide Problems: * - , \ _ " . 

OccasionaI*narural catastrophes : 

Deteriorating world enwonment 

Imbalances between commodity supply and aemand_ 

Lack of commodity reserves . ♦ 

Warfare and civiJ disturbance 

Cultufally-J)ased food prejudices ■ * 

Declining ecological fonditions in (ood-producing 

• regions * ' . 

The Industrialized World* 

Excessive use of material and energy resources 

Pollution 

Inefficient. -animal protem-based diets 

Insufficient application of science and technology 

Excessive government control 

Insufficient research funds 

Conversion of farmland to competing uses 



The Developing World: 
, Excessive pppwlaUon growlh 
Imbalance among population, resources, technolc^y 
* Lack of economic incentives ' ' 
Lack of development * . ' 
Insufficient ^vemment attention to the rural sector 
Inability' of traditional food supply systems tope 
wnth change 

Industrial -Developing World Links ; 
Inequities m access to resources 
Insufficient research and technology transfer 
' Lack of development planning 
Insufficient food aid * 
Excessive food aid 
Politics of food aid 
Inappropriate technological research 
Lack of institutional structure 
Inappropriate role of orultinafional corporations 
Insufficieat development of agribusiness 



Source Compiled from soul^:es listed in \he bibhograpby 



drought, floods, earthquakes, aijd other natural dis- 
asters. The second argument suggests that these fac- 
tors may become increasingly probable, that world 
environmental qpnditions are detertorating^ particu- 
'larly in response io human use of rescftirces and an- 
thropogenic pollution * Imfialances between supply 
and demand on the global scale, accompanied by 
lack of reserves to meet the needs of catastrophic 
famine*, are also important. So too, patterns of war- 
fare and civil disturbance are worldwide iirdistribu- 
tion. Culturally based food prejudices limit use of 
vpoteritially valuable food resources, or create de- 
mands' for higher "quality*' foods, much ^ess effi- 
ciently produced. Finally, there is a vndespread de- 
cline in the ecological condition^ in food producing 
regions, utffbrtunately corresponding -to ever*^ 
iQcreasirig demands for productivity. 

Some analysts had fault in the system of indus- 
trialized agriculture that characterizes much of the 
Western world. Soqie argue negatively that the prob- 
lem IS industrialized agriculture — that it uses re- 
sources proflfgately. imposes uncompensated poUu- 
tion^costs on,|he envirpnment. focuses on inefficient 
food conversion through animals, and diagpostically 



* A large nund»r of dbtervm ba>& fugg«ited that climatjc 
change occur at a r«auh of pollWi by pai^culald and 
carbon dioxide VVarming of the atrthT'atnxwphere imce the 
I880'f may be attnbuted to iDcreaae<( carbon dioxide, which en- 
haocet the gi«enhon« effect Since \mo. global coobng ma^ be 
related to parlfculates, v/biSie reftection of 5otar radiation may 
have oHiei the CO, effect Recent obaervaUons in the Southern 
Hemisphere give credence to theae theoriei That «w«PI*ff 
be ^jieriencing a contemporary warming trend. vthkfSi could be 
. related to rapid CO, difhuiotf tn the atmoaphere. but particulate, 
concentration in the mduatrtaliMtd Northern Hemiaphere. which 
hfa ^md to northern hemitpberic cooling, could be mistakeo lor 
a woHd%ride trend (Damon and Kuoen. 1976) 



represents the overabundance, indeed the gluttony, 
of the industrialized world. Sonie aifiue positively, 
that the world food problem .could tie solved more 
rapidly if impediments to th^ already incredible 
productivity of industrialized agriculture were re- 
moved. Among such impediments are iiwuffiaent 
research and development of tedjjaology. conversion - 
of farmland to nonagriculturaljuses. and excessive 
government control. As bumper stickers in the Mid- 
'dle West suggest. "If you complain about farmers, 
don't talk kith your mouth full/' 

Other viewpoints lay blame on ^be d^elopinR,' 
world, with a primary focus on excessive population 
growctk particularly in relation to local resource 
and ^arm lechnolQg>'. Traditional farmer perversion, 
lack of economic incentives, inattention to the niral 
sector, and lack of development in general are ^d to 
contribute to an increasing inability to feed burgeon- 
ing populations. * ^ 

A fin4l perspcfttive addresses th^ linksj^tween 
the industrial and^the developing world. the one 
hand.'^is argued that Tpod problems are symptomat- 
ic of Weater inequities in access to resopces; that 
there isi^uffidfent research and technology transfer ^ 
from the industrial world, a lack of Mvelopmerit 
pbfming.Smd insufficient food aid. In contrast, it 
has also been argued that there'has wen (oo much 
food aid; that technological research Mas been largely 
inappropriate to the-deveJoping wofld; and that the 
population pit^lem is really a problem of excessive 
resource demands by the industrifehzed few. 

Later we will be looWng at yvariety of possible 
^ solutions to the world (bod andr famine problem. At 
that time, we shall see that thate cari be classified in 
• three groups: advancement rf technology; .popula- 
tion control: and restructuring the world 
. socioetonomic order. Within each -group there are a 
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number of specific soltlfions. and both category and 
. specific remedy are4)redlc^ted by particdfar noUons 
of the nature l>ftheT)roblem ThefiBenvhq see the prob- 
em as one <rf excess ive^overpment control are un- 
likely to see gov^rtwnept- or internationally, 
prganteed redistributing of world wealth as a solu- 
tion. rfny more tl^an'those who define the problem as 
inappropriate technological research for developing 
countries are likely to call for a greater role for the 
multi national agribusiness corporatioy. Although 
there are no clear d>chotomies betw-eeniroblem def- 
initions and proposed solutions. /he vtery comply, 
ity of the problem suggests a probable conflict of 
ideas among perspectives., ' 

The World Food Sihaation 

The worid food situation in the mid-1970's can be 
characterized in a few poignant phrases 

(1) Fifteen percent pf the wodd's people mal- 
^ nourished 

(2i Declining w^Idlpod stocks. both.in kind and 
ih poteotiaJ production fram idle cropland in 
major exporting nations 

(3) Increasing food and farm input prices 

(4) lacreased foo;i defnand to meet needs of 
^ population growth 

. (5) Further ^wth of demand due to per capita 
increases in consumption as income nses " 
(SlCrop produa^^ion|increasing slightly more 
^^han population as a result of modest in- 
creases in yields anci increases in cultivated 
• land 

(7) Declining worid grain yields * J 

(8) Increasing worid food trade fbcus on sej^ed 
industrialized nations 

(9) Continuing importance of food aid from the 
industriahzed nations • • ' 

(10) Significant deviation of average natityial 
diets from normal req\jirements". including 
both overfed and underfed populations. ^ 

To some, these obs€r\'ations suggest our present 
proximity to the levels of population beyond which ' 
the worid's population can no longer be fed To * 



others, tfiey connote a decreased abiHty for success- . 
ful national or international response t^threat of 
catfetrophic famine. There are few who vifw the 
situation with optimism. 

Since many of the obseiA^ations listed are deait ' 
witR in matejrials easil>-feecured elsewherl (e g.' 
Brown. 1974; USDA. 1974a). we will summarize 
each briefly before turning to a geographic perspec- 
tive on the present worid food situation. As we shall ^ 
* see, it is extremely difficult to judge nutritional 
^staturirom national level statistics on population 
and food production Data at that level obscure im- 
p>ortant dietar\' Variatfojis inKiifferent locales, ^nmng 
, different socioeconomic groups, an^ among -various 
age-sex groups in the pppula'tion. Nevertheless, na- 
lional level food consumption statistics developed 
by the FAO in the 1960's JFAO. 1971a) and for Lhe 
industrialized nations By the Organization for. 
Economic Cooperation and Development fOECD.' 
1973) reflect a conclusion arrived at by many 
lofaUzed 4ietar\' sOr\'e^s- perhaps one out of six of 
the worW's people is malnounshed {lacking suffi- 
cient caloric or protein supplies}. ^co^ntrated pnn- 
. cipally in the developing regions {Table 2). The FAO 
suggests that ope-half of the children in developing 
countries may be malnounshed (USDA. 1974a'50)* 
However, if, (a v^r>' big IE), only a smalj proportion 
of the Wprid's grdin production nowted to livestock 
were available, when and where needed, aggregate 
dietar>' insu/ficiency could disappear The needed 
25 million metric tons of cereals {USDA. 1974a:51) 
represents 1^ than one^uarter of th'e 'grains pres- 
,rentJy fed to livestock in the United ^tetes (OECD. 
1973), and an even smaller proportion of the total 
land used to produce feed grains and forages for 
livestock that.coulS produce human food 

Worid food stocks have declined drastically in re- 
cent years. Expressed as the number pf days' supply 
of worid grain consumption, grain stocks dropped, 
from over a 100-day supply in 1960 to about a 31-day 
supply. in 1976 {Table 3, Brown. 1975 1054)V 
Through the 1960 s, actual grain stocks could be in- 
creased by- one-third to one-half by bringing idle 
cropland in the United States into production, land 
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TABLE 2 


ESTIMATED MAGNTTL'DE OF WORLD MALNLTRmON, 1970 




% _ 

, Region 

V 


• 


Population 
fbjikons) ^ 


Insufficient FrotemEnergy SuppJv 

Vumbers • 
Percent rmillionsj ' ^ 


Developed Areas 
Developing Area*" 

Latin America 

Far East 

Near East 

Africa 
World ToUl* 




• w 

1 07 
1 75- 
. a28 

1 02 
017- 

• 0 28 

2 83 

* 


3 

25 • 
» 13 
30 
18 
25 
16. 


28 
434 
36 • 

301 

30 

67 
462 


• Excluding Asian centrtJIv pdanned economies 
' Source L'SDA 1 1974a 50^ fern FAO statist ics. 1974 
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being liefrff under the SoH Sajik. Cropknd Adjust- 
ment, aiid btber programs (Hasmussen ct aJ.. 1976). 
; i: By 1974, bo longer was a^enthof America's crop- 
land h0ld lick. from grain production by sucH pro- 
' grams, reipovinffm important ''bank account ' of po- 
tential food pjtxluction. 

Americans. speKcl. on the aveftge, a lower propor- 
tion of incgme on- food than residents of otherJndus- 
trialized nations, but food price increases seem as 
impoijant fo us ^ to others.There are differing opin- , 
ions about how much these increases really reflect 
off-the-faim commodity prices rathw than price in- 
crements in processing a/id marketing. Nevertheless, 
recent production shortages, worid demand, and 
high input prices (for fuel and fertilizer, for example) 
have meant a shafp ii\creas6 in food prices since i 
1972. From 1J9m4o 1970'food prices had been fairly ] 
stable, but between' 1972 and 1974 Wheat and rice 
prices tripled, and soybean prices more than dou- 
bled (BrowiJ. -1974:62). Particularly in^portant are 
farm input price rises both in industrialized areas 
and. most criticajly. in developing areas with al- 
^dy marginal food supplies. From 1971 to 1974 
fertilizer prices increased seven or eight limes b^' 
cause of higher energy prices and shortages. By early 
1976. however, prices had dropped to 1973 levels, 
only two to four times the 1971 prices. as production 
capacity met demand. Higher input prices may offset 
any incentive offered by higher crop prices and add 
\ -additional foreign e?^change burdens to nations with 
Insufficient domestic supplies. 

FockI demand is projected to increase to nearly 
twice the 1970 total by the year 2000. both because 
of population imieasel and changes in per capita 
food requirements. Not only will there be some six or 
seven bilHorx- people to feed, in 2000. but should 
modest increasesin per capita level of living occur, 
demand for ^i^^starchv staples v«ll decrease, and 
demand for li^pok prbducts will increise (Chan- 
cellor aud Goss; 1.975:213). If production of meat. • 
eggs.'and milk%) raee*|ttl(g demands is based on 
allocations of resourcdS^anitoals that could pro- 
^ diice food for man. these demands will represent a 



four- to ten-fold multiplier of food inptity.-Because of 
conversion losses in animals- f 

Through themiddle twenUAh century, the worid 
(with the exception of certaiil countries) has kept^ 
food production rfighUy ahead M popuUtion growth 
(T^Ble 4). The developed c5ultries accomplished 
this primarily by yield expansida. and the develop-- 
ing nations by a combination oftyield and area in- 
creases (USDA, 1974a). From thk base years. 1961- 
1965. the developed countries' gnWth in population 
(10.2 percent) was^more than ofkel by expanded 
production (33 percent). The dev^ping areas h^ 
^most as great to expansion of ^tf^dpction duriifi 
the same period (32 percent), but grtsater ^pulation 
growth ke]^ per capita food increases^ a margin- « 

al level (Tabl« 4r. , \ , 

Grains supply oyer one-half of thefDtaI\world food 
energy needs. The fairly" steady increase in grain 
yields experienced through the 196D's reversed in 
the fearly 1970's (Figure 1) A number of factors may 
have contributed to this, including weather condi- 
tions, release of idle cropland of less than a^rage 
fertility. higheTenergy prices, high prices and shor- 
tages of fertilizers, shortened fallow cycl^, and use 
of animal wastes for, fuel rather than for fertilizer 
(Brown. 1975:1058): The leveling of agricultural 
prod^ckvity. particularly in industrialized areas, 
raises questions as to whether yields can be in- 
creased further 

Worid agricultural Xf^de has increasingly focused 
on North A^penca and Oceania as sources, w^ith 
Western Europe a continuing "sink;" Latin America 
and Afnm changing.from net exporters to net impor- 
ters of grain: and Asia changing froiri a ij^inal net 
exporter to a major hnporter (BrowTi. 1975:1055), R*- 
*cent increases in wheat production in the major ex- 
porting areas have come. largely from expansion of 
land in production. Potential increases in U: S. land 
in crop production through the end of the century 
. are considered minor, with gaitis in forest- and 
pasture-to-cropland conversion and potential new. 
irrigated land offset by nonagricultural competition 
for land (USDA. 1974b: Zeimetz et oL, 1976). The 



TABLE 3 WORLD FOOD RESERVES/ 1961-1975 



1975 - 111 



R^erves (10* metric tons)* 



Reserves as Days 

* Gram Equivalent of of World Grain 

Yeir Grain Idle U S CipHland . Total . . Consuraptwn 



1961 163 60 

1965 147 71 



1970 188 



0 111 



231 < 105 
.218 , 91 

259 i- 89 

35 



•Carry-ovwftock* at beginning of crop yw 

Soum: Bfown (1975). in Science, Vdl. 190. December 12. 1975 p lOM 
Coi^right 1975 by the Ameilc«n As»ci«tion for the AdvtDorroent of Science 
Rtprintad V peteiliiion of LetlerR. Bnnm and Science 



Oreir 



1955 
I960 
1965 

i9ro 

1973 



TABLE 4. AJWFOOdWodI^^ 



Developed Couotnes 



Food Producton 



Pgv»k>pmg Couotrfet* 



Food Production 



PopugliOD TouJ Pm CapiU PopulaUop ToUl 



90.3 
963 
102.3 
107 3 

110.2 



81 
96 
104 

119 
133 



90 
100 

102 
111 
U1 



82.5 
92 6. 
1050 
119.0 
1284 



78 
92 
104 

126 
132 



Per CapiU 



World* 



. " food Production 

Population TotaJ Per Capita 



Soufc* USOA (UB74c2(. 



99-. 
99 
106 
103 



. 85.7- 
*94.2 
103 9 
114 2 
120 9 



io 

94 
104 

121 
133 



93 
100 
100 
106 
110 




Figure 1. nvorijl Grain Yield. 1960-1976 After Brown 
(1975). in Science. Vol 190. Deosmber I?. 1975, p 1058 
Copyright 1975 by the American Association for the Ad- 
^nc^ment of Science Used by permission .of Lester R. 
Bcown and Science. • 



decades since th« middle 1950's have brought an 
increasing cow^ntfation of general world trade in 
Uie industrialized nations. In 1S55, trade among the 
devefoped countries accOvnted for 45 percent of 
WOTld trad, and 35 percent of world agricultural 
trade by valae. By 1972. the respective figures were 
57 and 49 percent (USDA. 1974a:18>. This increasing 
concentration of trade within the developed world is 
paralleled in the case of grain trade. Trade between 
developed nations accounted for 40.6 percent of the ' 
world graii> trade in the late 1950*8. and nearly 45 
percent by the early l97a'». Today over eighty per- 
cent^ the wOTld's grain trade Originates in the in- 
dustrialized aretes fUSDA. 1974«:20)^ 

There are two inescapable conduiions that fol- 
low from tb^ data. First, food trade Jias followed 
genwtl world trade in an increased conrantration 
within developed nations. Developing nations have 
expOTieik»d a declining trade role which has re- 
ralted in a decreased role in international p^fce 
mechanisms aqd decreased participation in the-^ — 
*rwi of world wealth, (rften Accompanied by serious 
Dai«M»Kjf.paynwBt problems.' The ol<f cliche may . 



bold, the rich get richer, the poor get poorer, fte ' 
second[j^nclusion that emerges from ^ain flow i»t- 
tems i^e focal role of the developed natfonSsas 
food supptiers to the centraUy plannwfand develop- 
ing areas. Concentration of supply is in reality great- 
er among the developed nations, only a handful are 
major grain exporters fUnited States. Canada. Au- 
stralia. Argentinal. 

A variety of pfojections of agricultural demand 
and production through the middle 1980's (USDA 
1974a) suggests an increasing reliance by the de- 
veloping countries o^ importing food from the in- 
dustrialized areas to make up local production def- 
icits. This food would either be purchased in the 
world food market or be recei\^ed as part of food aid 
Pfckages. The former raises questions of whether the 
po(%sf countries have available funds, the latter a 
wide range of social and political issues, including 
dependency upon ejrteffial source of food and the 
consequent vulneral/lity of food suppUes to disrup- 
tion. • 

. Food aid to developing nations includes com- 
modities and financial assistance for rural develop- 
ment, under.both bilateral and multilateral anange- 
menU. Among tBe most important of the biUteralaid 
flows IS the .lis. Agricultural Trade Development 
and Assistance Act(PublicLaw 480). pasted in 1954 
This law. gave authority fST sale or grant of surplus 
agricultural commodities for foreign currency 
emergencyrehW. and In exchange f(f strategic mate^ 
nal. Seen in the context of a long series of agricul- 
tural legislation sinc» the depression of the 1930's 
this law's primary purpose was- to adjust domestia 
agHcultoral supply to meet demand, and thus to. 
stabilize prices. PL 480 provided for overseas dis- 
posal of commodities, a role of increasingly major 
importance.* R^beled Uie "Food for P^ce Pro- 
gram" m 1966-67. PL 480 feom iU inception provided 
some $23 billion in grants and loans {cash valua of 
agriodtural rammodities) through 1974. of which 
five bilkon of the $14.5 billion worth of loans have 

• Studiw by the USDA of the WoridTood Budget fi961 1964) 
•llcan be itto ia retro^>ect to have exagg«^t«d worid food 
i»ed». qev«rtb«leH hudser ww polJUc^ly detinbie in the ««e of 
food SUTpluf 
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TABLE 5 



PERCDfTAGE OF U.S. ASSISTANCE RECEI\to BY MA|OR AH) AND PL 480 yEOPlENTS* 



, AID (and Predecessor Agencies) 
ld49-1974 , . 1974 



S , Vietnam 
, India 
France 
S. Korea 
^.akistan 
Turkey 



95 
6.6 
56 
5 3 
.4.3 
^^3 7 



^ Vietnam 
Cambodia 
Indonesia 
Pakistan 



, 0 



35.0 



1954-1974 



21 2 
5 1 
4 4 

3 2 

33 9 



India 
Pakistan 
S Korea 
S. Vietnam 
Iivdooesia 
Brazil 
U A R. 



PL 480, 



^974 



20 2 S, Vietnam 

7 4 Cambodia . * 

V 1 Indu / ^'^jC 

6.^ BangladWh n 

3.8 ' Pakistajl y*^|^ 

- 36. • ^^l}}^ 
3 0 ^ 

•V ' 



51 7 



20.7 
188 

7,3 
5-2 
4.4 



564 



• Countriet receiving 3 0 percent or more of aid categon for years specified 
Source Gakulated from data uTt'SAID (1975b) 



been repaid. Funds earned b>' PL 480 sales have been 
used to pay local UlS. government expenses, to pro- 
vide loans for development projects, lo promote o 
sales of U. S. farm products, and to advance research 
and education {Cochrai^ 1969:134). Because there 
are various commodities involved t^infHegumes. 
oils, dairy products), tonnages are an Inadequate 
measure of the volume of PL*480 loans and grants, 
which reached one-quarter of total U. S. food exports 
(by value) in the 1960's. By 1974. agricultural ex- 
ports provided for under govemmeEft programs 
comprised less than five percent of total U S. agricul- 
tural exports— $942 million compared to $20,380 
million commercial agricultural exports (USDA^* 
1974a:4B). 

Title I of PL 480 ^uthoriz^s sales of agricultyral 
commodities, primarily in local currencies, and rep- 
rints the largest proportion of the program (two- 
thirds). Title II provides outright grants of com- 
modities, both directly to governments (one-half of 
all grants) and throu^ voluntary service org'aniza- 
. Uons (one-half) * Although the act was important for 
surplus disposal, it has nevertheless been a small 
element in the tWal U.S. foreign aid picture, never 
reaching 25 percent df total economic and military 
assistaiKe. and declining in ciurent years (10.9 per- 
' cent in 1974). , 

Funds provided by sales of PL 480 food in recip- 
Jent countries and other kinds of U.S. foreign aid 
* are aimed at improvfng loral agricultural productiv- 
ity. Development Assistance Programs of the 
U.S. Agency for International Pevelopment (AID) in-^ 
dude items directly and indirectly- related to food 
aod agriculture, including food production and nu- 
trition (54 percent of development assistants expen- 
ditures in 1974;-75). population.planning and heakh 
(22 percent) anci education and human resound de- 
.veibpment (11 perrant). Approximately one-half of 

« A of orssnixatsoot eligiWe for thi* role » pr^>«©d annu- 
ally by the Office tA Pnvaie uid Voluntary Cooperttwrn Bur«e)i 
for Popdlatioo and Humanitanao Aaautance AID (USAJD 1974. 
War on ffonysr. fuly. 1976) 



AID budgets are for "s^urity assis|Wice" rather than 
for ^^development assistance ".Pnor to 1969. AID 
yas not allowed to work on food production: 

There wa^ a general belief both in and trtit of gov- 
- er^iment that ofher nations should *ot be encouraged 
to increase production {oi basic food crops) Jonfe^ 
of competition with U S efforts to sell its Rirplu^ 
stocks or ev«n give them awaylWortman- 1976 38) 

in its presentation in support of tfie fiscal year 
1976 budget. AID argued that bilateral assistaoce is 
important for focusing reslHJ|c^ 

—on the ke>^>robleni areas affecting the poor major- 
ity in developmg countnes m innovative ways, 
—on the countnes most senousif affected b> the 
food a ad energv cnses. 

—on problems and areas of cntical U S (areign pol- 
icy importance (LS.AID. 197Sa 10) • 
Although the list of recipient nations and organiza- 
tions in 197^ (including India, Bangladesh. Sahelian 

, West Africa, Pakistan. Sudan) suggest an imporiant 
humanitarian role of food and food-related aid from 
the U.S . the overall flows through AID and PL 4§0, 
both in a recent year and during the Ufe of postw^ 

* aid indicate the political motivation of food and 
food-reUted aid (Table 5). Brovni (1974:69) has cor- 
rectly observed:- . ' » 

Although Americans decry the use of t)em)leum as a 
political weapon, calhng it political blackmail, the 
United States has been using food aid for political 
purposes for twenty ye^s— and describing this as 
enlightened diplomac> 

Food aid, including commodities and grants and 
loans for ecojiomic development, also flows through 
international organizations as well as through bilat- 
, eral arrangements. Of the totAl fC>od aid from de- 
veloped countries since 1960. the United States has 
provided eighty percent of the bilateral and multilat- 
eral contributions. Canada seven percent, lapan 
three percent, and France and Germany approxi- 
mately, two percent ^ch (USDA. 1974a:54) Euro^ 
pean countries are now shifting to multiFateral pro- 
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TABLE 6 .ANNUAL PER CAPJTA GRAIN CONSUMPTION. MIDDLE 1960s 



Consumptictf^* 



Nation 



Direct 



Indirect^ 



ToUj 



MultipFe 
> of 
Tanzania 



inada 
UnH^ SUtes 

U.S.5 

United Xhigdom 
Argentina" , 
West Germany. 
Mexico 
)apan 
China • 
India ' 
Tanzania 



202 

200 

344 

169t. 

223^^ 

160 

305 

320 

312 

288 

133 



/1 791 
1441 

883 • 

956 

625 

588 
'242 

211 

118 
. 60 
1^ 



1993 
1641 
1227 
1025 
848 
74^ 
547 
531 
430 
348 
146 



• 13-7' 

112; 

8 4 

7-0 
5.8 
. 51 
3 8 
36 
3 6 
2 4 
1.0 



• Poonds per year . \ 

^ By animaJ coav«rsip?i to vggft^ foM'^voducu.-meat ' - ~ - 

Soufow FAO t197lah «><MedJrom By Bi^ b>- Lester R Bn^-n v.nth Enk' P fekhoim CopvTi^t e 

Devebpnwmt CouociJ P\ibJi$bed b^- Praeger Pui^ishers. Inc . New York h. ^ 



1974 ^> The Overseas 
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So^iTiTS^^ '^1^^^ Ame^cans and .Canadians annually con- 

Z^Jh^Tf^^^ °" oil^xpomng 11 to 14 times as much gLn as Tanziuans. 

Zh^U^ ^ development programs Maioi^-rith64i^^ world food supplies are more than 
7^^^^^^^^"^^ inclyde the a^ adequate for the world's populaUon! these suppUe. 
FAG K)mt World Food Program and ^e Foq$i^ are neither evenly nor equitably distributed A geo- 



Convention of -the Int«TiatJonal Grains Agreement of 
1967. the latter serving largely to st3bmze world 
grain trade and' provide moral peratiasion for food 
aid to developing countries (USDA. 1974a:54). 
• A variety of other interoational organizations pro- 
vide food-related development aid. including the 
World Bank Group, Asian. African, and Inter- 
American* Development Banks, the European 
Economic Community; a^d pmgramis of the U N., in- 
cluding the' United Nations Development Programs 
(UNDPftFAO. and WTiO. Agriculture has not been a 
primary focti^mong^all these groups. For example, 
two of the Worid Bank Group numbers, the Interna- 
tional Bank for Reconstruction and Development 
and the International Developm'ent Association, 
Jointly allocated ooly 8.5 percent of their funds to 
agriculture between 1948 and 1963. 12,3 percent 
from 1964-1 W8. and 20,5 percent from 1969 to 1974. 
During 1975. however, these World Bank donors al- 
located 31 5 percent of their nearly $6 billion budget 
to agriculture, with additional funds for population, 
water supply, ^d transportation, each of which may 
assist rural cj^elopment {World Bank. 1?76). 

Finally, there is wide -divergence ia 'food con- 
sumption and dietary sufficiency among the world 's 
peoples (Table 6).. The average American consun^ss 
3320 cal(Hies per day. about one^uarter nwjre than 
eftabliahed Meds. Canada's annual p^ capita grain 
OHUumption is nearly one ton. only ten perc^t of 
which is consumed directly, the remainder being 
cofsverted to eggs, milk products, and meat. In. the 



graphical assessment ot worid diets will illustrate 
this observation. 



A Geo^aphical Assessment 

No single set of data exists that would allow accu- 
rate asses^ent of the incidence and degree of mal- 
nutrition in th^ world's population Nutritional 
needs are understood only partikllV. and food supply 
and ultimate consumption are not well documented. 
f>articularly for subnational populations A wide va- 
riety of factors that affect indiWdual^food ne^ and • 
consumption are only crudely approximated by na- 
tional averages and trends (Table 7). Such a mul- 
titude of factors affects food^^eeds. demand, and 
supply thft liational figures, ty^tally derived from 
aggregate production and end-of-year carry-over, are 
* potentially misleading, with between-country varia- 
tion 'in average diets undoubtedly- smaller than 
within-country extremes. In many.developing areas, 
seasonality of food supply creates marked variation 
between "hungry seasons ' and periods of adequate 
food supply. Keeping in mind the variation that any 
statistic may hide, we will assess the broad geo- 
graphical variations in dietary sufficiency. 

Energy and Protein Seed 

In discussing human food needs, we wiH focus on 
energy and protein, two of the most well-known of 
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TA^7 . FACTORS AFFECnhK; NUTRmONAL STATUS 

Nasd. V 
Age^iex, body size., •ctivity 
Progiifficy and lactatkm 
He&hh and biological utiliz^ioo of food 
f Prophylactic or cuntive needs 
Environment 

VariatiQp around average or typical need?^ 

Demand: 
Inoome level . ^ 

Income distribution * \ y 

Food price ' 
Government programs 
' Education • * 
: ^ood halBts and mores 
* Promotion of bottle or breast feeding 

Supply: 

ProdtKtion of foodsftaCEs ^ 
Seasonality 
Food processing 
Conversionto animal products 
Marketing ^fkriency * 
Internal ami foreign food trade ^ 
Food and aid di^bytion programs 
Enrichment of nutrient content in foods 

* ; 

Souice: Moditoitem Dwyer nd Mayer in Saence. Vol ♦ 

laa. May 9. 1975. p. 567 Qqjiyngfet 1 975 by tbe American Awcia- 
tMO for dw Adrmwnart ot Stienoe, ^ penni»ion Jew 
Mayernd Science. ^ 

OUT requiremenU * If sufficient fobd is available, 
people will naturaUy consume as much food energy 
as rBquired (» moffe). The FAO and WHO de&ne 
eiMgy expenditures based upon the i^eds of an av- 
erage healthy person in a^Miticular age, sex. or oc- 
cupationh) category. It is possible to taimlate the 

* FnTrfT aoodi are esMotially (ptantitativ«. wben^ proleii» 
■e a qoabtative dmacteistic of diet parallel to Titamint. minir- 
ab, sod btty adds MinimoiD daily allowaocet have beeo. 
mggastad far Moy outnaitts (S(^mtbaw and Young. 1976 62- 
64). Eoflvgy needs « maMured in cakiriaa, tachmcally termed 
kflogmcalarias or kikxalortes. 



' energy needs of a reference or standard marf and 
woman with respect to activity on a unit time basis 
and to derive idealized daily energy reqiurenwnts 
based 'pn a ininute-)>y-niitfule recowi of activities 
{WH0.1973:lb9-lll). Typically ^daily energy.need^ 
are a^p 4^ned on the basis of age. sex. and occupa- - 
tional category. Allowances may be smaller in criti- 
cal food jituatfons (Table 8). Beyond the body's 
D^ds. excess caloric consumption is stored af fat 
vyith about 3500 calories equivalent to one pound 
(0.45 kg) of excess body weight. 

Detenninalian of protein r^uirements is more dif- 
ficult. When energy intake^is insufficient to meet 
energy needs, the body us^s proteins to provide 
energy rather than to Jerve its critical oietabouc 
Actions, including growth arid tissue replacement 
^jke energy, proteip must be replenished virtually 
daily. When energy intake is severely restricted, 
utilization of protein added to diets is impaired: 

When intakes of bodi energy and protein are grossly 
inadequate, the provision of protein concentrates or 
pr<rtcin-nch food of aninjal origm may be a costly 
^ abd in^cient way of imj»oving the diets, since 
ene^ can generally be provided mcwe ch^ply than 
protem of good quality This is an important point in 
planning nrogrammes \os meeting (he MS^ds of vul- 
nerable ^ups ia developing countries. Clearly, 
en^gy and protein needs should be considered to- 
• gether ib planning for the nutritional improvement 
of populations wbo« diets are ctefident in ^ith^ 
fWHO/1973:19). 

Thus energy and' protein needs ato not indepen- 
dent, and sWe levels of protein intake must be 
specified in rrfOTeiKe to ei«^ intake 

The World Health Omnization dcSiss not specify 
singular, valid standaros for minimum average pro- 
tein intake. Some attempts havfc been macte to calcu- 
late desirable protein/energy ratips. Typical human 
dieU (ij} absence of hunger or famine) have aSsurpris- 
4Ag statiility of 11 to 13 p^t^nt erf caloric inlake as 
proteins, independent of income dt diet composi- 
tion. WhethCT this represenU the ideal is impossiWe 



TABLE S CALORIC ALLOWANCES IN FEAST FAMINE 



A^e. S«x,pccupatira 



Rehabilitation 
Allowances 



0-2: 
3-6 years 
6H0raan 
10-17 years. 

PragB^ aod^Lactating Women 
SedadUry Mal^ 
Sedeatary Fam^ 



Heavy Labor 
Very HBaTy H.abor 



1000-1200 
1300-1800 
1900-2300 
2400-3000 
2200-3000 
2400-2700 
2000-2300 
^500-3d00 
3000-3500 
3Sdb-40pO 



^ Temporary 
Maintenance 



1000 

1500 

i75d 

2500 

2500 

220e f 

1800 

2500 

3000 

3500 



Siihi$>Meoce 

1000 
1250 
1500 
2000 
^000 
1900 
^ 1600 
2000 
250* 
3000 



Mayer SyVfV^ to Scifnce, VoL laa. May 9. 1975. p 576. Copyright 1975 by the Amartcan A.^>a^ 
Utad by pinAsckw of {tea Mayer od Sdeice 



for the 



ERIC 



10 



20 



to surest The WHO prefers to specify a safe level of 
protein intak,e that will meet physiological nee^s of 
nearly all persons in a group, in other words a level 
of protem above average requirements. An addi* 
tional complicatton is that protein is not a^s4ngle 
substance, but any of a variety of necessary amino 
acids The protein content of food carnbe expressed, 
as "relative protein value" in comparison to human 
milk or eggs, which have the most complete or high- 
est quality protein based on both amino acid com- 
position and digestibilitv Thus, if protein intake is- 

• . J' 



from foods v^ith Iqvv relative, proteki values, one 
must ingest higher quantities of protein and should 
eat foods with complementary ammo acich composi- 
tion (Table- 9) (Lappe, 1971; Timent^l et aJ.. 
. J975:7S4); This does not imply, howeVer» that pro- 
tein malnutrition follows from a largely or totally 
vegetarian diet Complementarity of amino acids 
from different fpods (for example wheat and beans) 
can assure adequate nutntion (Lappe, 1971). Daily 
safe protein requirements are based on body 
weight and other factors {Table 10) 



TAB]^ PROTBt^' CO.VTENT .A.\D LTIUZATION 



Food 



Eg8 
Milk 
Frsh 
* Cheese. 
Meat and Poultn 
Gram 

Rice 

Com 
Legumes 

Soyb^n 'a 

kidne> bean 
\*uts and Seeds 
\*egetables t 



Percent 
Protein Content 

1 ' 
4 

1&-25 
22-36 
* 25 
&-H ' 

' 12 ' 
20-35 

35 

25 
25-30 
2-S 



Percent , 
Net Protein Utilization 



94 

ro 

68 
50-70, 

70 
•SO 
40-60 

38 
43-58 
3V60 



Source .'\4s^b!ed from data in Lappe n97i. 



TABLE 10 SAFE LEVELS OF PROTEf.V [NTAKE 



Age 




Typical 




Bod> 


.Group ' 




• Weight 


f years! 






Infants 




9 0 


1-3 




13 4 


4-6 




20 2 


7-9 




28 1 


Male 10-12 




36 9 


MaJe 13-15 




51 3 


.\iale'l6-19 




62 9 


Female 10-12 




38 0 


Female 13-15 




499 


Female 16-1^ 




S4 4 


Adult Male 




65 0 


Adult Female 




55 0 


Pregnant Woman 






{last 4V2 months! . 






Lactattng woman 






(first 6 months) 







Safe Protein 
intake /grams 
protem per 



Adjusted Prolein Level Ba^ 
on Protein Quahty wit h' Re- 
s'pect to human milk or eggs* 



person per. day j 


Score = 80 ^ 


, Scoce = 60 


14 


• 17 


^ 2-3- • 


16 


20 


• 27 


20 


26 


34 


25 


31 


41 


.30 


♦ 37 


50 


37 


46 


62 


38 


47 


63 


29 


36 


48 . 


31 


^ 39 


T— 52 




37^ 


50 




• 46 


62 " 


29 


36 


48 


-9 


- 11 


*16 










-21 


-28 



> • Rjtio of net utihzable protein to nrt utilizable protein m human milk or eR£s (see Tabled) 
* Source WHO 11973 74! 
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From the' levels ©(^energy need^described, %i is 
possible to calculate national food requirements and 
convert this to average .daily values fWHO, 1973). 
Thi^. values have been calculated by the FAO. and 
avesa^e national food, supplies can be compared 
with them. 

National Diets* . ^ 

> Unfortunately, there are difficult problems in de- 
termining national average diet. This is usually un- 
dertaken by these calculation3 for a given year 



Food prodifction 

- Food iiftports 
Carryover from 
^ previous year 

= Food Supply 

- Food exports 

- Food fed to animals 
-,Carr>'-over from 

the current vear 



(1) 
{2) 

{3} 



.(l)-(2)-d3) 
(4) 
(5) 

(6) , 



- Disapp^ance 



(l)-(2)-c:Ol-f4)-(5j-f6) 



Disappearance food values are corrected for assumed 
prcxessing losses, and are then converted to putri- 
tion^l components expressed as daily per capita val- 
ues. These calculations are clearly mfenor to actual 
dietar>' intak^ studies, which have been undertaken 
among selected populations in some areas, but they 
m'usfsufBce for a contemporar>' globa^ assessment * 
The FAO made an unusually comprehensive study 
of annual food balances for the late 1960*s {1971a) ' 
This informatiofffhas been partially updated by more 
recent population and food production data by the 
FAO and OECD. From these statistics a number of 
stu^^es can'be undertaken on diet composition and 
adequacy, although analysis based on thjese (\aia can 
be amplified usefully by reference to studies of ac- 
tual dietary intake. 

Diet Composition 

• There is considerable regularity in diet composi- 
tion as a function of ecojnoiml: development, at least 
-on a national basis (Figure 21 People in poor, de- 
veloping areas have diets high in st^hy staples and 
low in other components, with regular increases in 
animal products, fats, and sugars as -national income 
levels increase. In addition, proteint^upplies change 
from4argeIy plant to animal sources. Obviously it is 
not oftly the developing, largely tropical nations 
whose diet is composed primarily of starchy staples. 



• Among the* mart cproprehcniivekcollections'of these ^luVeys 
an* the ftuctiat by J W May {t^ SUy. 1974) The USDA tUo 
.underUken diettf> ftudiet in th« U S with r^toru! and income 
level differentiatiOT {USDA. t956. 19^9) 

' Eariief food budget caicuUtioos were made by the USDA 
(1961. 1964) 




90 X» 4O0 aOO ^500 

GftOSS DOMESTIC PI^OOiKT P6R CAPITA S 
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The Irish farmer at the time of the nineteenth- 
century potato famine consumed 4.5 kilograms 
(nearly' ten pounds) per day; thus starchy n^de up 
82 percent of a t>'pical 3850 daily caloric intake Pro- 
tein came from potat6es (45 gm) and other sources 
(19 gm) (Pimentel et aJ., 1975:756, Connell. 1950) 
Similar high starch, low protein diets can be found 
toda^' among the urban American poor (U.S. Senate. 
1974): 

A useful means for comMring national diet com- 
position among countries is a araph showing total 
dietary composition divided among three 
components — starchy staples, animal-based foods 
(milk. meat. eggs, animal fats), and other foods — 
measuring each in calories. For the United States, 
the average diet is composed of 1255 calories (38 
percent) starches. 1326 calories (40 percent) animal 
sources, and 738 calories (22 percent) from other 
sources. You will notice that the triangular' coordi- 
nates add up to 100 percent. To check yoyr under- 
standing, examine the p)ercentages for Tanzania: 68 
percent starches. 12 percent livestock sources, and 
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20 percent othw sources (Figure 3).' 

Percentage v^ues such as those cited are derive/i 
from the foodebmposiUon tables prepared by ihe 
FAO and OECaj. updated bv population and food 
-• prpductioa indices to derive valaes applicable to.the 
^ early 1970's (FAO. 19?5b). The triangular graphs il- 
lustrate the composition of nfUonal diets among the 
major world regions The triangle for Africa illu*-' 
. trates the highly st^rch-dominatfd diet of that re- 
gion. Africa'^ pattern overlaps that of Asia and Latin 
Amenca. The pattern of Eucopean. North Amencan. 
and Oceanic nations illustrates the importance of 
am maL sources in the djets of the industrialized 
populations. On each triangle, hollow symbols indi- 
cate countnes with inadequate diets (those vKth less 
than ninet>- percent of energy n^ds provided); the 
relationship of strongly stardi-domlriated diets in 
the poorly fed areas is clear" As we noted etfilier this 
means not only energy deficiency, but probable 
protein-supply problems as well. 

The worid map of diet composiUonlFigure 4) is 
.m many ways, a map of worid" wealth a^id poverty 
The map distinguishes four tategones of diet com-' 
position, from diets with a heavy animal-denved 
component to those wnth ^-er 75 percfnt o£ er1er«v 
intake from starchy staples *. 

Diet QuantUys 

Uck of uniform, rd'iable data on diets, accora'- 
.Jwnied by short-term dietarv' imbalances) makes anv 
assessment of the status of world diets suspect' 
Nevertheless, it is possible to sketch a broad pit^ure 
o} quantitative 'asf>ects of annual diets at a world 
scale_ so long as we remain aware of the degree to 
whncK such an assfessjient hides variabihtv m diets 
within countries, ignores problems of diet changes 
through tJie year (such as the •>ufigr\- se^n" in 

.1 Africa), and relies on the disappearance 
method of diet estimation 

Basic calonc needs for each of the world's nations 
expressad as daily average intake, have been calcu- 
lated by various world organizations such as the 
FAO and VVHO. asing methodologies described ear- 
her. Average diets have been calculated for the late 
1960-s (FAO,'197]a) and calonc intake for the early 
1970 s (FAO. 1974) on a worldwide.basis: these es- 
timates tan "be compared with needed 'caloric 
supplies. These data may be updated by means of 
popuJat|mi and agricultural production indipes cal- 
culafetf b>- the FAO and the Foreign Agriculti^re Ser- 



TTiwcoordiMte sy-aem ,s most commonly used for soil texture 
t>pe» bu«d on Hnd tilt and cia> composition but can ht used 
with »Dy cittsification scheme when three daU values^dd bp to 
100 percent ^ *^ 

• The m*p dem»nds some study before proceeding You might 
ancwer these questions for yourself • 
(•I What kinds of countnes eat 'high off the hog'" 

(b) Whaikinds of countnes have starch dominated dieu' 

(c) Are ffiere poor countnes with an aninjal based calonc 
»upply» Why' 



Vice of the- U S Department of Agriculture (F/\G's 
Production Yearbook. USDA's Agricultural Situa- 
tion reports) The world map of dietary suffici'ency in 
the early 1970's (Figure 5) was prepared *om these 
sources.in order to reflect, as accurately as possile 
^the curreht status of world food consumption orr a 
national, basis '° 

To give some indication of the meaning of valaes* 
shown on the-majj, several ccunparisons are useful 
Tanzania's infant mortalitv rate (deaths before atfe 
one per. 1000 live birthsl is, at 139. about ten times 
that of the .United States (Thomas. 1972). In some 
areas of that countn,- nearly one-quarter of babies 
bom never reach thpir first birthday The countr>' haS 
, been plagued by food shortages (if numerous kinds 
(Brooke, 1967; Mascarehhas^t al., 1973). many re- 
^uinng international aid. A single half-liter bfttUe of 
- beer costs a typical Tanzania^ a half-dav^^wa^es. if 
, he IS Employed An equivalent amdan't of boUled 
beer in the United States cost^ about five-minutes of 
a wage-earner s saiar>' Eaeh year. Americans con- 
sume an equivalent of- 160 percent of the annual 
Tan?anian grain supply in ranoos alcoholic bever- 
ages '1 In 19^ vye-fed five times Tanzania's total 
pr6tein ne^^o cats and dogs"' Amenca's dogs, 
cats, and people are fat, wjh a price paid Hot onlv in 
excessive food expenditures, but also in ill health 

Food Excess and Deficit • 

We have alluded to the meffrciencv m the con- 
sumption of calones and protein from 'animal rather 
than plant sources This Observation is based on the 
dynamics of biological food cWis^ Think of the flux 
' ?a. j^i ^ " '""^'^ through various species 

The xblar energy fixed as food by the-Vom plant is 
• used for the plant's own metabolism\ and fo* its 
growth The cow that eats the plant use? the ma,or 
food cpntent for its own metabolism.' and a small ' 
percentage for its own production of meat V milk In 
consuming the meat or milk, much of the f^ value 
IS again used for our own metabolism, with a.ciesirable 
percenoge for growth ^in youth) or an unfortunate 



Again, the map requires deUiied studv Questions In* these 
may guide your analisis 

la) VVh^t countries have the highest calonc in1«ke values 
compared with needs' ' • , 

fb) Whmt countnes have the lot* est values' Middle values' 
. (c) Are there,3n4 modestly but adequatefv. fed indus- 
tnahzed natioi^' 
' fdj Are there aoy sufficicntiv fed developing nations' 
(c) correlation IS theft if Bn> between population num- 

bers and density m developing countries m companson 
with^lonfc adequacy ' 
" Cafculated frotri Brov»-n' (1974:39) v»ho cites V S consump- 
tion at 19 B pounds f!6 kg) of gram per capita per yjar for beer and 
liquor Vk ith a base population of approximately 200 million at the 
time of the f AO food balance data this represenu 3 2 miUion 
tnetnc tons ppr year For the equivalent base penod Tanzania 
produced about tv»-o million metric tons of grain (F^O 
1971a §17) V ' 

1975*^'™'*'"^ f™'" dat^ in WittwW 1975 and Piroentel ef ol 
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Figure 3. -llietary Cktmposition of National Caloric Intake. Values computed from FAO and OECD data for the earfy l970's 




Figure 5 World Pattern of Caloric Sufficient' Values indicate percentage of national caloric intake compafed to needs*^ 



. percentage for grov\^ (in adults). At each sttep along 
the food chain, food energy is dissipated b\l normal 
metabolic' prtxesses, as are much of the proiein and 
other qualitative food values Some plant ] 
such as grasses, cannot be used erficiently 
mans directly as food, and we are forced to 
kind of material indirectly, through animals 
ginal. semi-aiid areas this may be a ratior 

eventually to' harvest solar energy using . 

levels too sparse for crops, and it may also be rational 
as part of crop and fallow-pasture rotations in more 
humW areas How^ever. when crops produceq for 
livestock could be used for human ^ood. there is a 
significant loss of total Tood supply. 

,This has. of course, been implied in our eaj^ier 
discussions, but here we must make this *'grain or 
fivestock" question explicit Table 6 shows, for the 
middle l&SO's. the consumption grain ip Vanous 
parts of the world, both as direct-to-human consump- 
• tionand also as indirect consumption through ani- 
maJslwith the attendant losses up the f(?od chain) 
There is considerable controversy over'this potential 
wa^e of food, which we will take up m our discussion 
of ^lutions toward the end of the paper In assessing 
the present status of the world food supply, however, 
we cannot ignore the question At least-one-third of 
th^ world's grain production is fed to livestock 
(Brown. 1974:44) 

The same food balances used in the preceding 
analyses have also been used to calculate the caferic 
equivalent of food crops fed to livestock in each 
countr>' This is a complex accounting task but it 
•works like this; 

- Calories consumed by people ^1) 
* Caloric value of fcxwd crops ^2} 

^ fed to livestock % 

- Caloric value of that food that f 3) 
IS passed up the food chain 

and is already counted in (1) 

• . — — '■ « 

= Cajoric supply consujned di- 
rectly and indirectly {li-(2J-(3) 

Here we are using the tpncept of indirect calories to 
mean food energy content fed to animals but lost in 
the food chain conversion processes In the United 
States, over three^uarters of the coarse grains pro- 
duced (com. oats, barle\) are fed to livestock, as well 
as wheat, soyhfeans, and other commodities that 
could be used directly for human food (setting aside, 
of Cours^. questions of dietar>- preference) \'alues 
thus calculate for-overall caloric consumption per 
capita may be an understatement, since the human 
food production potential of land presently produc* 
ing forage crops.has not been included. 

The actual values for these calculations are de- 
jived from a nu^iber of sources, including the food 
l»lanc» sheets (FAO. 1971a). data oivcrop calonc 
values (OECD. 1973:xviri.xx); and an^sumed ten 
percent value for conversion efficiency (calories 
available from livestock per calories fed to livestock). 



^For example, in the United States in 1970, we di- 
rectly consumed 3319 calories per capita per day In 
addition. 1 36.650.000 metric tons of grains and other 
hum^n foods were fed to animals At an approximate 
36 X 10* calories per metric ton. this is 6585 salones 
pter capita per day. Assuming ten percent conver- 
sion. 669 calories were already accounted for In food^, 
consumptron.^so that the total daily figure ns 9335 
calories, or about 354 percent of average daily re- 
quirements! You may already have realized that* the 
approximately twenty percent of tqlal consumed 
calories (669 of 3319) does not agree y^ ith our earlier 
figure of approximately forty percent, animal caloric 
^sources for the American diet' However, half the 
total feed units consumed by Amer^c^ bvestock are 
from pasture and forage (grass, legume hays, silage) 
Thus the calculationSs reasonably, accurate 
Furthermore, there is goo* reason not to calculate 
the food crop prod^iclion potential" of present forage 
producing lands If it becomes important to de- 
crease the direct (fuel) and indfrect (fertilizer) u^s of 
energy in mdustrialized farms, it may stilt be ecolog- 
1c^ly.desirable to continue the rotationa^jrroduction 
of legume forage for animals 

For each countr>' we completed calculations simi- 
lar to-that illustrated for the United States For many 
poorfer countries, little or^no food crops w«£ fed^to 
animals For others, actual crops fed varied, and 
conversion factors for calonc values were altered ac- 
cordingly For example, many European'oaUons feed 
high proportions of potatoes, and several Latin 
'American countries *feed cassava', plantains, and 
sugar cane, all with different caloric values which 
were apportioned with grain values 'A world map o 

.dje'^tar>- balance (Figure 6] shows- annu4^1oric ex 
cess or deficit ** Dir^ and kidir^t caloric con 
sumption extremes include annual deficits of nearly 
thirty percent and consur^tion of nearly four-and 
oneJialf times annual calpnc needs * 
Because of space limitations, and lack of^uitable 
national standards, we have not undertaken similar 
analyses for protein supply We suspect that a pro- 



* A simjb" c^Cwlation for rhe L S 

tioff of 1 ^ 117 calories ^ cte) ThiS 
Since Heichel and Fnnit included \hs 
Xion to |j\«4ock as vreil as meat irspc 
livestock- based caionc consumtj^ion 



as .Tiade b\ 

■id feed caic^c consuaip- 
differs froni our own. 
ure and lora^ contrjbu- 
and tSitiilsied back from' 
feed energ) as if feed v% ere 



ail from food csops Howew their Kgsre ma) be a useful tHai^c^' 
ti Of) of the ie\e^of potential faumai/tood calones lost in produciag 
an Amencac djeT siKJuld present pasture and forage land be used 
to produce chsffs ^itli calonc >jejds comparable to fc^ages 

"*Cook •i9"6* completed a s^iar calculation Hjs approacn 
Has srnulAT to tnat of Heichel and Fn n*k 'see Foqjnore 13 lOcl'jdt 
mg the total calonc value of livestock conversion effiaenaes 
\*ahout attempting to remote nonhuman foods from the calcula- 
tion Here we have assessed onl> human foods fed to livestock and 
c^ainh underestimate the human food potential 1> lost b> forage 
production on arable land .\s with Hejchel and Fnnk Cooks 
calculations ma> be a tisefuJ guide to the Un& assummg that 
forage production provides a utilizable fopd suppl) for animals 
srmiUr to what could be produced on the same land for hiiiV*ans 
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^TABLE n. DIETARr COMPOSmON AND BALANC 



Over 
30% 
AmmaJ 

• (1) 



Diet»r\* Composition 



Over 
15% 
AnimaJ 
(2) 



Lender 15% 
Animal. 

Under 75% 
Starch 
(3L 




150 10 430 

(1) 



100 to 150 



50 to 100 

13) 



Oto 50 
(4) 



-10 to 0 

C5)* 



-30 to ^10 



• To be compiled l^lbc reader from Figures 4 and 6 



tein 'map 'would exhibit similar extremes, with 
marked deficiency in the poorer couijtries {in con- 
|uiuftion wth the low caloric intakes) and compara- 
ble excesses in the industrialized world, particiilarly 
' if we wwe to incoiporate tte protein value of fish- 
meal fed to^nxaJs (and respective conversion loss- 
es). Am^can farmers feed about one-*half of the an- 
nual' U. S. fish and -fishmftal supply to livestock 
(Brown. 1974:148). 

As a result of t^iis and preceding analyses of the 
world pattmi of food consumption, we might expect 



to find a significant relatonship between dielar>' 
composition and dietary balance. The relation^p 
can be demonstrated {Table 11). a task we have left 
for the reader to complete. For each country, enter 
data corresponding to its specific dietary composi- 
tion and caloric excess or deficit For example, if a 
country* is in the second composition category* and 
second dietary balance category (such as Yugoslavia), 
it is added to the appropriate section of 3ie table. 
Completed, the table will allow you to come to some 
conclusion about world patterns of food availability. 
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II. FOOD SUPPLY SYSTEMS- 

AghculiUTul economists and other agricuituroi 
specialists . . have been probing the world of the 
developing countries over the past two^decades to 
find the 'key to successful agricuJturoi development 
They need not hove traveled so/ar; the secrets of 
successfnt agricuittirai development ore "best found 
in tiw post *d5tor>- of the U S. 

E O Heady (1976107) • ' 



In the Mbcya Region of southvtrestern Tanzania, a 
fanir family begins Reparation for the coming crop 
season. Although }/yd land is now a 'p^bed Iffown. 
airivaTof the rains will retiim it to a lush green. From 
the family's ten hectares (25 acres), they must pre- 
pare about three before the rains arrive; cut and bum 
fallow bush: hoe or plow grassland; recultivate old 
fklds; prune the coffee and spray the plants with 
pest-inhibiting chemicals. Coffee sales from the la^ 
harvest have provided sufficient funds ($225) to pay 
the childreti's schpol fe^ and to provide for farm 
\and family necessities— dhemicals for the cb^e, 
cooking oil. dolhing. soap, salt. sug^. and perhaj^ 
this year the long^ugbt radio. The market price of 
staple foods has nearly doubled since harvest, but 
food must last until the next harvest so little will be 
sold, h was once possible to increase productivity by- 
cleiiiBg new land, iHit to new land remains. 

As Mlows have become shorter, there has been a 
pefcepdble decrease in yields, and the. family must 
now prepare larger fields to assiire yields with a 
comfortable margin of safety against drought, pe^, 
or vemin. An «-drawn plow extends the ar^ tnat 
can be cultivat^, and weeding food crops and car- 
ing for caSbe require longer work 'days than ever 
b^yre. The bmily now plants coffee trees^ on land 
dbce available for food crops, but if yields from cof- 
fee are sufficient and high prices bold, the farmer 
may be able to afford Utilizer to use* on food crop 
fields. However, the price of fertilizer has also in- 
OMsed. Perhaps the area planted -to coffee should be 
expaiKM. Traditional environmental and agrkul- 
tural knowled^ and theiioe remain the maior tools 
by which the Tanzanian rarm femily manipulates the 
oivironnmt to produce ite food. There is talk of new 
OOP variety, but the see^inusl be purchased and 
the few who have tried them .have not done well. 
There is also talk of resettling people from farms into 
faro villages, as has taken place in other parts of 
Tnzania No kxiger are people s &es in theirVown 
hands and those of femily and neighbors. But life is 
good (Knight 1974). 

Sidaroulyo is an inaedilnly cfensely populated vil- 
lage in East Java (Prabowo and Sajogyo, 1975). 
Tbeie, a popuktioe of ovjst 2000 people must sustain 



itself on 1 /O hectares of farmland, one-sixth of which 
is rentfed to a lopal sugar mill eacE year. The land- 
scape is a finely grained mosaic of agricultural per- 
fection, indicating the intensive labor required to 
maintain the nearly weed-free fidds of rice and other 
crops- The typical Sidamulyo half-hectare (one-acre) 
farm must feed a six-member faijaily as well as pro- 
(vide income. Formerly growing traditional and im- 
proved local rices, the family now cultivates modelH 
rice varieties (IftS, IRS) from the International Rice 
Research Institute in Los Banos, Philippines, having 
followed the leadership of village official who first 
planted IR8 in 1968. Since the introduction of mod- 
em rice varieties, fertilizer use fqr local and modem 
varwties has doubled. The natlbnal extension and 
credit organization knovra as Bimos has encourag«i 
use ef insecticides and pesticides, credit for which is 
provided as vouchers. Wftien former Bimos loan^are 
still outstanding, the falmer must turn to outside 
help, borrowing eitter in cash or kind at inter^ 
rates of up to five percent per month. Because of the 
higher ccwt of' inputs to modem' variety iHoduction, 
more femily labor must be used, on the field, as less 
. cash is available for hired labor to handle the in- 
creased labor requirements of the modem varieties. 
Backyard production of fonts, vegetaWes, and live- 
stock provides dietary variety and. with off-farm 
rwort an additional source of income. For the typical 
Sidamulyo fermer, the arrival of modem variettes 
has brought marginally lower economic returns, 
greater reliance on credit, and little change in the 
occurrence of food shortages The shorter maturity of 
the improved rice varieti«« aids in the intensive 
double cropping cycle. If the amount of available 
credit was not t^ to use df modem varieties, would 
they continue to be cultivated? » 

In rural Pennsylvania, a dairy fermer's major con- 
cern is the cost-price squeeze of recent years. Al- 
though he has improved crop and milking yields 
slightly, sharp increases in input costs cxjmbined 
with only modest farm-level commodity price in- 
creases mean that he mav be working for little retunf 
on his own labor, when a reasonable rate of return is 
assumed on his farm investment. As the Pennsyl- 
vania Farmer's Association suggests; a successful 
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farm enterprise must pay-all cash expenses, pay in- 
terest on equity, provide a return fer labor, cover cost 
of depreciation, compensate for management efforts. * 
and T^um a profit (PFMB, 1976). By viRually any - 
perspective, the Pennsylvania farm is a big business 
with $200,000 worth of land (300 acres dr 120 hec- 
tares) and capital (buildings, machinery), a hired ' 
hand or two, ninfety dairy cowS, one million pounds 
(455^000 kg) of annual milk production, an annual 
cash flow of $100,000, and a net income of $20,000, 
ineluding a $1 2,000 assumed return on investment (at 
^six percent interest) and $8,000 for famUy labor and 
management The economics of virtually any part of 
field operations can be calculated 'down to the last 
• penny, and agricultural extension personnel monitor, 
farm iHt)ductivity using computer analyses which 
guide feed composition and volume.»heifer, breeding, 
herd culling, and field operations. Costs and retyrfis 
can be calculated for any portion of the faJm opera- 
tion. Lon^, hard hours are a norm for the farmer, and 
keeping up with latest advisory bulletins and other 
literature is crucial. Farm radio netwprks carry daily 
price developments,^and interest is always spdrked by 
latest decisions in Harrisljurg and Washmgton about^ 
milk prices and other farm policy. The future of the 
familyfarm is a patent issue, with estate taxes, chil- 
dren <nio prefer an urban life, and possibilities of 
incorporation for tax purposes as complicating fac- 
tors. Nevertheless, this fanner and his neighbors, for 
all their complaining, have a deeply rooted sense of 
personal value in farming and in feeling a sense of * 
accomplishm ent in successfully managing so com- 
plicated an eriBrpn^e. 

Fundamental Requisites 

These introductory vignettes cover difiererrt cultural 
• and .technological levels, suggesting a diyersity of 
food production systems. Are there any common fea- 
^tures of food supply sy stems that span the potential 
range of food supply configurations, fro^ isolated 
hunting and gathering societies to cDmplex, 
regionally-specialized industrial agribusiness? One 
way to ariswer this question is to suggest a list of 
basic requirements that any human food supply s>*s-^ 
tem must meet, a kind of universal map or chart for ^ 
«tnM:luring our discussion of food systems that are 
aiqwently incomparable. Table 12 suggests such a 
list of fundamental requisites for a food swftjly sys- 
tem, along with. some broadly defined structural 
elements by which agricultural-based food systems 
m«et these requirements. Here we will distinguish 
between food production requisites and those re- 
lated to making food ^Silable to consumers. Both 
^ijrouction and provision of food have se^?eral re- 
quirements, ^h of which can be described briefly 
and later elaborated in the context of specific food - 
systems: 

(1) Maintain continuity: a necessary element in 
the human fdbd supply system is the geneti- 
cally- and cuhurally-encoded information 
that guides the system; 



(2) Provide space: solar energy is'dispersed ovl^- 
space; thus food production, dependent op 
photosynthesis, also requires space; 

(3) Manage water: production depends on green 
plants, in turn dependent on water; control 
of where and when production occurs is one 
means of meeting this requisite, as is irriga- 
tion; 

(4) Provide nutrients: plant and animal growth 
depend on nutrient supply provided by 
land management or nutrient supplements; 

(5) Channel solar energy: both picro- and mac- » 
rospatial structure, as well as temporal 
sequencing, guide food production to meet 
this requirement; 

(6) 'Control succession: invasion and competi- 
tion, nonnal ecological processes, must be 
controlled to enhance yields from desirable 
cultigens; 

(7) Provide protection: plants and animals must 
be protected against predators, diseases, and 
pests; 

(8) Har\'esf production: spatially dispersed food 
production is carried the first step toward 
consuny)tidn. concentration of the usable 

-portion of plant and animal growth or 
metabolism I 

(9) Transportation: unless eaten in the field, 
foods must be carried to the site of consump- 
tion, often via many transportation links:' 

(10) Storage; the temporally concenjtrated pro- 
duction of food is made available to meet the 
evenly distributed n^eds for food over time, 
i^l] Allocations social and 'economic 
mechanisms such as markets allocate food to 
consuming units and individuals: 

(12) Conversion: food may be converted by ani- 
mals, fermented, or otherwise altered mto 
more utilizable or desirable fonhs:^ 

(13) Preparation: food is processed into dishes or 
beverages for consumptioo. usually near the 
point of consumption in both time and 
sp^:e; 

(14) Ingestion, rules of proper food mgestion. or 
etiquette, ^ntrol how and when fck)d is con- 
sumed. 

Food supply systems can be seen to consist of proc- m 
esses that gather solar energy and make it available 
t9 humans. Geographically, food production is dis- 
persed in space (an area phenomenon), whereas food 
consumption is clustered at points. In addition, sea- 
sonality and variability mean that food production 
may be concentrated in flme. whereas food con- 
suipption must be virtually continuous. Thus a fqod 
supply system channels solar energy, Imkinfe foi^d^ 
production and food consumption across titoe and 
space. ^ 

Seasonality is a fundamental problem for all as- 
pects of food supply since no world environment is 
without seasonal aspec^ Even in the most uniform 
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TABLE 12 STRUCTURAL ELEMENTS OF A FOOD SUPPLt SYSTEM 
Structural Etemenls 



ood: 

iin contim^ty 
ie space/ 
water 
nutrients 
el solar energy* 
bl successi<)n 
Proviae protection 
Harveft production 
Provide Fa 
9. Transportation 

10. Storagt 

11. Allocation 
12- Conversion 

13. Preparation 

14. ingestion 



Genetic and cultural information ^ 
Spatial organization, land tenure system 
Spatial and temporal structpe: irrigation 
Land management or mitrient supplements 
Spatial and temporal structure 
Abatement of invasion and competitioift 
Ehsease and pest control ^ ^ • 
Acquire and concentrate usable productivity 

Spatial bnkages lietween production and consumption 

Temporal linlcages liet ween production and consuitption 

Intermediate institutions between producUon and ^nsumption; markets 

Procedures for making food mto assimilable or desirable form 

Processing food mto inal consumption forms: die^' system 

Etiquette . ^ 
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of environments there are distinct cycles of plant and 
animal growth, in response to environmental sea- 
sonaHty^ that may be undetectable to the naive ob- 
server. Variability is similar in importance. Variabil- * 
ity may^ likened to noise or uncertainty associated 
with expected environmental and social processes. 
Gullibility is the degree to which the fequisit^ of 
food production and food consumption are subject to 
disruption beyond the ability of the food supply sys- 
tem to cope with variability, 
r • In this section of our discussion, we have sev'eral 
^ primary purposes. The first is to suggest how seem- 
* ingly different food supply system^ meet the re- 
quirements we have described. The second purpose 
is to compare (and. on several dimensions, to me^- 
sure) the differences in how thes? requisite are met 
in food supply systems characteristic, of indus- 
trialized, traditional, and developing, "green revolu- 
tion" societies. Finally, we suggest some of the mate- 
"rial, energetic, and iiiformational linkages that con- 
stitute a world food system. 

The American Food Supply System 

No food supply system exists in Wlation from a 
larger social and physical environment but its ties 
may be strongest to one or another segment of ti« 
larger* system. In industrialized agriculture, these 
ties are strongest to the economy; indeed, farmiiig 
and food provision in the United States are best view- 
ed as an industry, requiring discuwion from both 
an agricultural and an indxxstrial viewpoint (Figure 
7). In the lattecsense, the food industry {from farm to 
• consumer) reflects characteristics oT the ka**" 
economy, with evolutionary structural changes th^t 
reflect processes p^leled in other economic do- 
mains. The key elerifent in the Amerkan ihdiis- 
trialized food system is power— power in the literal 
tense of a lelknce on fossil hiels, and pawff in the 
figurative sense in the vertical and horizontal struc- 



turing of the food system and resultant ^centration 
of economic power 

Food PrcKluCtion and Provision ' - ' 

The American food sv^stem is buih upon a complex 
agricultural technology. F.ood production depends, 
first, on a system of highly specialized institutions 
and roles which converge at the farm, including the 
roles of government, universities, and large corpora- 
tions. The farmer, relies upon a combination of 
folklore, scientific knowledge, and contact v^ith 
other factors in the system in making decisions: 
Among the "other factors'* are university extension 
persdoneK sales staff fcom seed and implement deal- 
ers, and information on Crop price expectation and 
the worldwide agricultural situation.'* The fanner 
also depends on a netwoik of private and public 
bodies which maintain genetic stocks. These genetk: 
stocks are often proprietary, with intense competi- 
tion among seed producers. Both technological, and 
genetic continuity are focused on institutions, which 
also are foci for new information. New crop, varieties 
may extend the areas suitable for cultivation by hav- 
ing greater tolerance of expected environmental var- 
iability. Farmers, as well as consumers, are part of an 
indii^ial structure closeiy controlled by. govern- 
ment action. A recent official review of agrici^tural 
adjustment policies in the^U. S. described \^ aims of 
these propamsc 

'* For coDtnsting viewf of Amencair linn technology, see 
USDA. 19Sa. USDA. 1975a. Higbee.* 1963. DBMaiU) and SochUi;. 
197S; Highto^. 1S72. Heady. 1976, 

»« The U.S govemrocnt. for e)tample. leues periodic buUetini 
and report* on a^icultural commodity and pricx ftatus. including 
Foreign Agncultun Circxilan on various commodities Example 
of the roie of rafwd a)mmunic*t*oii mclude daily crop livestc^ 
price report! dUtemtnated by radio networks, such as the 
PenniylvanU Agri-BroadcasUng Netwoti. and by universit)? ag- 
rkiiltural ext^niten offices ^ ^ 
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Frgure 7 The Structure of the U S Food Svstem Sub- 
stantially modified from "The Agriculture bf the U S " by ' 
Eart O. Heady/Cop>Tight © 1976 b>- Scientific A^nencan. ^ 
Inc All nghU reserved Used by permission *of VV 
Freeman and Company for ScienTlfic American 



For ovfer 40 years, price support and adjustment 
^^.^^programs have had an important impact upon the 
^farm and national econonjy Consumers have consis- 
t^tly had i reliable supply of farm products for a 
$mallerT>roportion of their mcome than ahynhere 
else in the world. Farmers have been assured of' at 
least specified minim tn^j pnces.for their products 
»The legislation an3 resulting programs have been 
modified to meet varying Conditions of depression, 
war. and prosperitt« and have sought to give farmers, 
in general, the opportunity tO attain economic equal- 
^ ity with other segraenU of the economy {Rasmussen 
e! a/.. 1976:21) 

lust as information is highly institutionalized in 
the industri^Jized foofPsupply system, so too is the 
prpvision of land for food production. Political allo- 
cation in the cMtrally planned economies and land 
markets are* parallel mechanisms by which space is 
allocated for production, fa the Western world, fam- 
ily farm ownership merges impepceptiblyvj^th cor- 
porate ownership, sinCT many families'^mcorporate 
for tax purposes. %(any large. vertkMy structured 



corporations have substantial farm holdings. Farm 
size h4s been an important element in the ability of 
the farm unit to tolerate economifc and environmen- - 
tal variability. These units are made possible by use • 
of energy-subsidized production systems, and big- 
, - n^ can mean sufficient income from good years to 
provide for poorer years. The small size of ferm units 
during the settling of the Great Plains exacerbated ' 
problems of drought (Webb. 1931; Borchert, 1971). 
- Suitcase farming is an adaptation to provision of 
^ land under seasonal- and variable conditions. This 
refers to farm ownership in distant locations, with 
the farm opwator traveling among farm units to meet 
seasonal work demands. This practice is well-known 
ia ^the Great Plains (Jenks and KoUmorgen. 1958). 
Suitcase farming extends the land area mtoaged 
through the year; may increase utilization of expen- 
sive machinery by moving it among farms; and pro- 
vides a spatial solution to variability, $\nce eriViron- 
. mental hazards do not occur ^mifermly, even in the 
woBst- drought years of the Great Plains . 
(Thomthwaite, 1941). • ^ 

.For most industrialized farms, water is managed 
largely *y land use practices to control runoff and 
erosion, still depending on nature*s delivery of pre- 
cipitation. In marginal areas, supplemental or full 
irrigation may be^onomieally beneficial, and farm- 
ers now. produce a substantial proportion of such 
American crops as cotton and vegetables in irrigated 
areas of the West, frequently with a government sub- - 
sidy to provide inexpensive irrigation and an energy^ 
subsidy for irrigation pumping an^i spraying. Farm- 
ers in subhumid areas practice dryland fanning, in 
which they leave fields in bare soil fallow ^s^^ejjy^ 
other year, in an attempt to store moisture from two 
years for the benefit of each crop, a productive prac- 
tice where iiTigatior\ is not available, but potentially 
disastrous when continued drought creates, dust- 
bowl conditions from the bare, unprotected soil. 

For the industrialized farmer, the soil ra^y be 
tfeated largely as a rooting medium for the crop, 
with the expected nutrient withdrawals provided in 
the form of chemical fertilizers. Until recent in- 
creases in fertilizer prices, it was typically more 
economical to buy fertilizer than to spread manure, 
but a combination of environmental regulations on 
animal .wastes and higher fertilizer costs may in- 
crease the importance (and- benefits) of manure 
spreading. Chemical fertilizers are another energy 
subsidy of industrialized farming. It has been esti- 
rnated. for example, that in California 22 percent pf 
the energy used in farming in 1972 was fpr fertilizer 
and that for Canadian grain production, some 46 to 
57 percent of the energy inputs are for fertilizer " ' 
(Chancellor ^d Goss, 1976). Heichel has Estimated 
that 23 percent of American agricultural use of 
energy is for fertilizer. (Heiclwl, 1974a). Ertergy-to- 

• fertilizer conversion factors are available for re- 
searchers (Leach, 1975; Commoner et al., 1974; 

• Pimentel et al.. 1973), and the cost conscious fanner 
can check Ubles of fertilizer costs and expected crop 
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prices*to*find optimum fertilizer investments (Som- 
mers. 1976:18). 

The spatial and temporal structure of the farm 
must reflect availability of solar energy and channel- 
ing of that energy through desirable* plants. 'Al- 
though some recent attention has been givpn to 
mixed qopping (more than one crop interspersed in 
a field at one time), industrialized agriculture is ' 
largely monocultur^K ofteajimes not only in the 
field but also for whole iarms and farm regions. Re- 
gional specialization and spatial interaction reflect 
the interaction of crop yields, crop values, and his- 
torical tradition (Spencer and Horvath. 1963; 
Loomis. 1^76). The larger spatial system offood pro- 
duction and provision, which pervades many ele- 
ments q( industrialized food supply systems, is a 
major mechanism for overcoming seasonality and 
variability problems of food supply. Regional* 
specialization, uith transportation and other requis- 
ite food provision linkages, provides a supply of 
'penshable commodities over longer time periods, 
lessening the effects of seasonality Spatial interac- 
tion makes possible bringing fopd surpluses not only 
to urban markets but a\so to area^ with food deficits 
as a result of environmental variability.^ 

Control of succession and protection of crops or 
livestock in the industrialized system require ag-^ 
ricultural chemicals m addition to traditional prac- 
tices such as plowing or cultivation. Farmers can use 
chemicals as a variable input in the face of environ- 
mental variability. A 1971 sample estimated that 
over fifty percent of American farms use pesticides, 
covering eighty percent of com acreage and 95 per- 
cent of rice (Andrijenas. 1975). Machinery.!^ clearly 
important in meeting the exlgenCi^jjf-fefm operair 
tions bec^e of Seasonality (USDA, 1972a). Custom 
farm ser\'ices provide a means forminimizing finan- 
cial risk because of variability, since each farm oper- 
ation (planting, spraying, harv^esting) is contl^ted 
only if the crop appears to be successful. Custom 
services are aFso related to seasonality, since custom 
machinery crews travel in south-to-north orbits "fol- 
lowing the sun." An inadvertent means of protecting 
food supply against damage from hail is the disper- 
sal of production. The farmer may hav^^dispersed 
production 'as a result of land bought here, rented 
there, and share-cropped elsewhere. The food sys- 
tem. wid« in spatial extent, similarly spreads the 
risks. - 

Harvesting and on-farm crop storage are heavily 
energy subsidized, including field machinery and 
natural or liquified/petroleum gas used for drying 
grain. We tan look ©6^1 backward and forward from 
the harvest. Backv)Srd. 'th^e harvest is assured, in 
aggregate, by a number of social subsidies that afe an 
implicit'response to variability. These include such 
direct and obvidus subsidies as crop insurance, 
guaranteed prices, and commodity. c6ntfDl programs 
(Rasmussen. el al.. 1976). all of which assure that thd 
participating farmer will not lose his shirt if he ven- 
tures to produce. Other subsidies include federally 



funded irrigation projects* flood control, tax exemp-* t 
tions, assessment variations, land drainage, finan- 
cial assistance for preparing land for irrigation, the 
agricultural extension agent network, rural electrifi- 
cation, state aid to schools, housing and welfare for 
migrant laborers, and government insurance of , 
banks and savings and loan associations. 

Looking beyond the haivesl. we can see a flow of 
information constituting a signal from the food pro- 
• vision system to the fanner That signal is manifest, 
in productiop contracts, commodity futures markets* 
and government price predictions, \thile grain deal- 
ers, livestock feeders, milk supply co9peratives. and 
sp)eculators all encourage production by preharvest • 
purchases These factors, all of which can be seen as 
' responses to the seasonality and variability impera- 
tives, play an important role in equilibrating prices 
between harvests and in maintaining, largely in in- 
tention with government, stockpiles over multiple 
year periods.* 

The nature, of farm inputs reflects recent develop- 
ments in American fanning technology (Table 13). 
FajTO labor has been replaced b\' machinery, and ag- 
ricultural chemicals are four times as important now 
as they were in 1950. Between 1910 and 1970, farm, 
population dropped from over 25 percent to less 
than five j^rcent; absolute farm production more 
than doubled; and output per farm worker multi- _ 
plied nearly eight times [Heady. 1976:110).- . 

That each American farmer produa^ food for ^ 
others means a complex system of linkages between^ 
the farm and the American^dinner table' Food flows 
over the same transportation netw^ork^ used by other 
commodifles. and is part of the samejndustrial and 
economic ^'stem of suppliers, marketplace, and 
consumers^C^ali characterizes the rest of our 
economy Man>^lements of spatial organization ^d 
regional specialization characteristic of food produc- 
tion spill over into fopd provision as solutions to 
seasonality and variability. In addition; there is op- 
portunity for altering fqod processing and conver- 
sion through livestock as' a potential response to ex- 
trern^ disaster, as well as processing to make food 
available across the seasons. Hoarding, .migratioo. 
and disaster relief ar€ potential responses to variabil- 
ity, along with the modest although important sea- ^ 
sonality of diet to cop^xvith the seasonality of food 

supply. ^ " ^ , 

Food allotiJation is largely a matter of market^, 
mechanisms, strongly affected by government poli- 
cy, by various food programs for the poor, and by the 
oligopolistic structure of the food industry, particu- 
larly^ seen Iti the vesical structure made.possible 
by both technological interlinkages and transpgrta- 
tioh and communication innovations. Given our 
perspecti^^ on tte food supply system as an indus- ^ 
try, it wiVl be useful to examine one of its 'major 
characteristics, that of concentration of ownership. 

Although transfers Of food are accomplished 
through economic channels, the basic life support-^ 
ing role of the commodities involved make it impor- 
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Year 



1950 
19^5 
1960 
)965 
1970 
1974 



TABLE 13. INDICES OF FARM INPOTS, 1950-1 974« 



Total 



102 
103 
98 
96 
101 
101 



Labor 



^ 217 
185 
145 
109 
90 
83 



Real 
Estate 



104 
103 
99 
99 
98 
94 



•M967 

Soim^: 



' 100 ksT each column; oHnpife within roiamns onlv 
USDA (1975b}. 



Me6hanical 
Power and 
Machinery 



85 
198 
-98 
95 
IQO 
105 . 



Agriciiltural 
Chetmcdls 



-30 

40,.- 

SO 

77 
110 
138 



, tan! to view the fodd industry through a >vider1eiis. 

' Classical economic disaissions are often based on 
two assumirtions: a competitive industry structure 
%vithin which a large number of similar firms balance 
each other's influence on production, and prices 
controlled by consumer influence. Any movement 
away ^m competitive structure le^ to an erosion 
'of this "consumer demoo^/* The larger the devia- 
tion, the more control iEBk from lareas external to' 
the industry into the boardroom. For example^ when 
the industjry in question' consists* of a number of 
sm^m^^ and a few much larger firms (oligopolis- 
tic '^Vcpai^, the latter groups are in a position to 
infhience prices and also the modes of proiluction 

^ characteristic of the industrial sector ijAjuestion, in 

* ways that are potentially mor^ advantageous to their 
own profits than to society as a whole; • 

Because there ^are few firms, the actions of one ar^ 
noticed by the rest each realizes that.any move on its 
part— a price increase for example— wilT generate a 
reaction by other firms^ Since the best way to' 
tnaximize prpfKs is to act as a monopolist would, the 
oligopolistic firms begin to march te^the samef corpo- 
rate oniAmer (Green ef ai.. 1972.7). 

This "conscious parallelism" does not require any 
foimd Agreement such as a written contr»it^ Rather, 
the recx>gnitionn:>f simU^ty of interrests tal industry 
results in a^ close coOTdinatton of business policy 
through indepiendent decisions. ' ^ 

* One can ex^ine concentration in. the input and 

* processing sectors off the U. S. food system by using 
U. S, Bureau of the Census (1967)^tatiitics tjiat show 
the market sha^ accounted for by the four and eight 
largest firms ia each industrial category (Table 14), 
Opinions differ as to the level at which concentra- 
tion leads to price manip^latiin, with estimates 
ranging from forty to sixty percenl (U. S. Senate. 
1974; Green et at. 1972; URPE, 1973).. Figures dol- 
ing with concentration in' input industries may not 
always show a direct relationship with price, be-, 
cause ap input industry may not control a)l of its 
pvm fBcUm of imxiuction. S^ach is the case for the 
fintilizer industry, which has an apparenUy low con- 
cantration ratio, but depends on suppllles of raw 
material tparticiilarly natmal gas).wlu]«e prices are 



determined by tlie more, highly concentrated energy 
^ industry or, by the government. Large concentrations 
fere generally associated with overcharging. Fot 

example, a study by the Federal Trade Commission. 

reported tli^t: • 

If highly concentrated industries were de(;entralized 
to the point where the largest four firms cbntrol 40 
percent or less of an industr>^*s sales, pdces would ^ 
fail by 2*5 percent or more (Gre«n etaL. 1972:14 }> 

The role of input industry concentration 1s of 
primary importance to the farmer wher^ the-struc- 
ture of processing industries is of interest to the coiv 
sumer. Each consumer dollar spent oirfood benefits ^ 
tlie farmer but the majority goes to the processor. 
Thus inflationary trends in food prices do not follow 
identical trends in input industries. The situation for 
farmers may b^ seen in the **cost-price squeeze" from , 
1950 to the early 1970's. During that period, prices of ' 
inputs as well as maricet prices of food increased 
substantially, .whereas farm -prices for raw food 
comipodities fell. The cost of concentration in the ! 
agribusiness sector-has been calculated by the Fed- 
eral Trade Commission (Table 15). hi 13'foQd Indus- 
tries, tiiese changes were estimated at over $2 billion 
in 1972. On the input sid^ overcharges ra farm . 
machinery have been estimated at an annual quarter 
billion dollars (U.S. Senate, 1974). 

Food price increases are sohietimes considered to 
be of little importance because, it is argued, on the 
average Americans spend a much smaller proportion 
of their income on food than do people of other na- 
tions. For example, average figures show that 
Americans spend only 15 percent of their income on 
food, whereas English spend 27 percent. French 31 , 
percent, and Russians 53 percent (URPE. 1973). But 
average figures are niisleading. Sinc^ the top five 
percent of the U. S. population receives twenty per- 
cent of all incon|B. whereas the bottom eighty per- 
cent receives 55 percent, in r^lity most families 
must spend much more than 15 percent of their in-^ 
came on food (Table 16). 

Between the large food provision' industries apd 
the consumer lies an.other groupof economic institu- 
tions, food retailers. Nationally, the top, four and top 
eight -Qrm cont^ntrationii.of retail grocers were 20.1 
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TABlf 14. 



Industrial 
Code 
(SIC) 



I' 



20422 
2871 
28790 



3522 

35221 

3522? 
Processing 

2011 

20118 

2015. 

20221 

20222 

2023 

202a / 

20321 
^ 2033 ' 

20411 

20430 

20511 

20620 

20630 

2072 

20962^ 



CONCENTRATION IN AGRlCULTUfyM INPUT PRCX:ESSIN(^ INDUSTRIES, 1967 

Percent of Total Sales 



TWBuct Class 



Top Four firms 



Top Eight Firms 



Poultry fee4. including supplements 
Livestock feed, including supplements 
Fertilizers 

Agricultural pesticides and other agricultural 

chemicals 
Farm machinery ^ 
Wheel tridors and attachmeqts 
Harvesting machinery 

Meat packing plants ^ 

Canned meat (e^^pt pet (pod) 

Poultry dressing (dknts " 

Natiiral cheese ^ * . * 

Processed che^ 

Condensed ano evaporated milk 

Flifid milk and celated products 

Canned baby foodi^-^ - ^ ^ 

Canfied fruits and vegetables ^ - 

WTle^t flour, except flour mixes 

Cereal breakfest foods 

Bread and tnead type rolls 

Refined cane sugar 

Refined beet sugar . 

Chocolate and cocoa products 

Margarine 



28 


37-- • 


28 


39 


33 


52 




V 


39 


56 


45 


36 


75 . . 


98 


67 


82 

• 


27 ^ 


38 


57 


82 


15 


23 


38 


44 


72 


47 


35 


47 


21 


29 


93 


9ff 


23 


35 


37 


55 


82 




28 


^ 38 


59 


83 ' 


67 


96 


74. 


87 


47 


72 



Source: U. S. Bureau of the Census (1967). 



TABLE 15. MONOPOLY OVERCHARGES 



Industry 



Market Concentration 
J 1-966— top Four Firms) 



Meat packing 
Fluid milk 
Soft drinks 

Meh liquor! ^ ^ 

Bread aiMl related products 
CaAned fruits and vegetables 
Confectionary products 
Flour aodothOT grain milt jHoducts 
bistiUed Uqipr 
Frosen fruits and vegetables 
Cane M^ar re&ing 
Canned ipeciallies . 
O^ckera and cookies 



- 40 
60 
• 90 
65 

5(r 

40-50 

45 

55 

40-50 
40 
80 
70 



Mouppdly Overcharge 
* $ MilUon (1972)^* 



483.9 
2567 
247.8 
1^.0 
1*91.9 
143.6 
^'94.4 
88.5 
88 J 
84.9 
71.5 
71.2 
57.3 ; 



Sonne: Pedaial Is^ Commisrioo data, qiwtad by Hightower {'l97B.^4-65). Taken bj permission from Eat rour Heort Out ^ Jim 
HIgbtovw* © l^S hy fim HigUower. Cfsed Jyy penid^^ 



and 28.2 percent in 1970^SDA. 1972b:g6). N^oal 
valuai ftgain are raisleading. because kcal concen- 
triHoD msfy be much greater. Typical vilu^s of met* 
lopoUtan aiM dominaiice by tbe top four retailers 
range from 51 peroentin Binfghamtdn. New Yoil to 
86 percent in Little Rock, Arkansas iHigbtower. . 
1978:21). Immobile, ui^ poor may be tied to feww 
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alteroativigs — more expensive smaller retailers 
among them— than the affluent suburbanite, com- 
pounding the ^blem of -low income and higher 
proportion^ income needed for adequ9te nutrition. 

The inability »f the American food sup(^>^system 
to assure adequate dietary qtiality for 13 million 
Americans (U.S; Senate. 1973) reflects both the fail- 
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TABLE 16, AMERICAN EXPENDITURES AS A 
PERCENTAGE OFJSPENDABLE EARNINGS. 1973 



T 

Annual Gross 
Income 


, Low tow 
Plan " 
(percent) 


Moderate 

Plan 
(percent) 


Liberal 

Plan 
(percent) 


3.328 
5.000- . 
7,280 
10.000 
15,000 
, 25,000 


62 
42 
35 
26 

18 • 

T2 


79 . 

34 

45 

4 

14 


. 97 
55 

28 . 
18 



Sourer: Chrtstian Science Monitor, quoted by Hightow^r 
(1975;61) Taken by permission from Eot Vour Heart OOt by Jim 
Hightower. © 1975 by Jim Higbtower UseJby permission of. 
Crown Pubiisher^ Inc , ' v 



ure ofconunodity food progTams, food stam^ 
other welfare programs, as well as the food j 
system itself. For the affluent, the focMi supply'^^. 
tem provides conflbodities virtually on deroend, 
with seasonality and variability reflecteU in minor 
price fluctuations that are insignificant with respect 



ply^ys- 



to income; for the poor it fails miserably. The Senate 
Select Committ^ on Nutrition and Human Needs 
fU. S. Senate, 1973) has suggested the distribut!t>n of 
hunger in America on- a county scale of resolution. 
Counties with one-quarter or more of the population 
below poverty income levels and one-third or less of 
the poor receiving food assistance were classed as 
"Hunger Counties, 1973." Even counties falling out- 
side these dual measures have ^ighificant numbers 
^poor lacking food asifefance (Figure 8).*' Only 
onfe-hajf of America's poor would appear to be fed 
adequately. 

Having already crtliciz^ some aspects of the in- 
dustrialized food system, it is appropriate to suggest 
some measures by wjijch its performance might he 
assessed, and by which other food supply systems 
might be evaluated. The following yardsticks will be 
useful for our discussion: land, labor, capital and 
energy, • . ' 



' An earlier study. Hunger V SA . uses a similar approach to 
suggest patterns of hunger in 1968 fCit jzeiT s Board of loquirV into 
Hunger and MaJnutrmbn. 1968} 




) FlgjOT a Hunger in the United States. 1973. FailunMo-feed counties have less than one-third of the posr receivma food 
' •^.I^^^I^l'^'^^'^'^'^ ^'"'^'^^'^ '"•^•^h one-quarter of the populatfo^^W After 



Land 

Crop yields in the industrialized agricultural syts- 
iem have Jt»nefrted both from a highly developed 
iechnotogy and from an environment of compara- 
tively hjgh productivity as seen from a world 
•perspective. Although the U. S. agricultural system 
appears to work miracles (Ai^ericair yields are typi- 
cally dpuble world standards — Table 17), fanners 
achieve these hfgh yields by an extremely dispropor- 



tionate use of agricultural inputs such as fertilizers 
and farm machinery. -Using one-fifth of the world's 
annual fertilizer consumption and plowing its fields 
with over one-quarter of- the world's tractors, it is 
little wonder.that America's agricultural technology 
has been so^uccessful in feeding a bit more than five 
percent of the world's population (Table 18). 

The industrialized nations occupy some of the 
world's most productive agricultural regions, par-. 



T.^BLE 17 A\iSkAGE CROP YIELDS* FOR BASIC ST.\PLE FOODS 



Aiea 



De\*eloped Market Economies 

\orih America 
--.iigS^em Europe 
^ Oceania 
Otl»r 

De\'e1oping Market Economies 
Africa 

Latin .\menca 
\ear East 
Far East 
Other 

CentralK Planned Economies 
.Asia 

Easlem Europe and LSSR 
United States 
World 



Wheat 




Rice 




Maize (com) ' 


Roots & Tubers^ 


Potatoes 




1974 


1961-5 


1974 


1961-5 


1974 


1961-5 


1974 


1961-5 


1974 


1 74 


2 14 


4 91 


5 58 


3 51 


4 01 


18 24 


22 27 


18 37 


22 75 


1 58 


1 75 


4,37 


4 98 


4 17 


448 


. 20 43 


2#^2 


21 59 


26 56 


2 17 


3 37 


5 03 


5 53 


2 49 


4 18 


18 00 


21 97 


IB 01 


22 QO 


1 25 


1 29 


6 17 


6 10 


211 


3 58 


1557 


20 64 


1560 


20 76 


1 24 


1 28 


5 01 


5 84 


1 26 


1 79 


17 46 


17 20 


16 18 


19 77 


0 97 


1 17 


1 63 


1 87 


1 14 


. 1 28 


. 790 


6 91 


7 47 


8a5 


0 70 


0 73 


1 28 


1 31 


0 93 . 

1 23 ^ 


1 n 


5 96 


5 17 


6 15 


6 12 


1 42 ' 


1 49 


1 73 


1 94 


1 39 


10 45 


11 34 


7 19 


8 93 


0 99 


1.16 


3 41 


3 §2 


1 90 


2 42 


7 30 


7 87 


1071 


12 23 


0 a4 


1 18 


1 61 


1 87 




1 05 


7 63 


8 21 


. 7 06 


^•37 


1 67 


033 


1 82 


1^ 




2 10 


7 38 


8^23 


7 98. 


8 10 


1 01 


1 52 


2 74 


«3 19 


2 27 


2 95 


9 76 


1090 


10 57 
^3 


>2 04 ' 


08S 


1 27 


2 75 


3 19 


2 41 


2 85 


8 41 


9 52 


9 87 


1 oe 


1 53 


2 48 


3 70 


2 15 


3 07 


11 13 


12 76 


11 13 


12 76 


1 70 


1 64 


4 37 


4.98 


s 4 17 


44a 


20 95 


26 47 


22 42 


27 61 


1 21 


1 60 


2 05 


2 36 


2 17 


2 51 


• 10 08 


990 ^ 


11 93 

f 


13 39 



• Thousands o4 i^hecure 

» Sw««f po(«oe» \am cas&a\« taro siMtcnf -oots and tub«^ c^bes than pot^o« 
Sourer TADPTodacitOP. Yecrbook 1974 i?AO 19rS3? 



TABLE 18 WORLD CONSUMPTION OF AGRK:L^TL'R.AL\^PLTS 1973 



Developed Market 
ELonomies 
• North America 

Western Europe 

Oceania 

Other 
Developing Myket 
Economies 

Africa 

Latin America 

Sear East 

Far East 

Other 
Centraily Planned 
Economies 

Asia^ 

Eastern Europe 
and USSR 
United States 
World 



Fertilizers* 



N'ltrogVn Phosphate* Potash 

.\moAjnf Percent Amount" Percent AiMunf Percent 



, Tractor* 
Number 

(million) Percent 



Population (1974) 
Number 

(miifjonj Percent 

























17 82 
8 77 
7 75 

0 21 

1 08 


46 1 
22 7 
20 0 
0 5 
2 8 


1396 

5 08 - 

6 12 
1 62 

1 13* 


67 6 
20 9 
25.2 
6 7 
4 7 


11 48 

4 82 

5 56 
0.28 
0 82 


55 5 ' 
23 3 
26 9 

1 4 

40 


11 78 

4 99 

5 88 
• 0 44 

0 47 


71 7 
4 

35 8 • 

2 7 
2 9 


750 
235 
365 
4 16 ' 
134 




19 2 
60 
94 
04 
3 4 


7 05 

0 43 

1 80 
1 21 
3 60 


18 2 
1 1 
4 7 

. 3*1 
8 0 


3 45 

0 31 . 

1 39 

0 54 

1 21 


14 2 

1 3 

57 

2 2 

5-0 


1 90 
0 19* 
-0.90 
004 

0 77 


9 2 
09 
4 4 
• 02 , 

3 7 


1 40 

0 15 
0 72 
0 25 
0 27 


8 5 

0 9 
4 4 

1 5 
• 1 6 


1927 
304 
317 
193 

•1109 
5 




^3 
78 
8 1 
49 

28 4 
0 1 


13 79 
4 07 


35 7 
10 5 


6 85 
1 56' 


28 2 
64 


7 32 
0 58 


35 4 

2 8 


3 25 

0 lo 


f9 8 
1 2 


1228 




' 31 4 
22 2 


9 71 
8 28 
38 66 


25 1 
21 4 
lOQO 


♦ 

%5 29 
4.60 

24.25 


21 B 
190 
1000 


6.74 
4 61 

20 70 


32 6 
22 3 • 
TOOO 


J 05 

43a . 

'1642 


18 6 
26 7 
1000*^ 


360 
212 
3905 


% 


92- 
54 . 

1000 



* In BsUido Mtnc torn 
Pwi:>ni^i cskaialed by the aatlvn 

Sooror FAO Production Yeathook 1»74 




toulf may doI t§gm with tuna becatae c4 rounding emx 
M>, I975t| 
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ticularly with resj^ ta climatic fconditions. for 
^. growing staple gt^rn qrops. Coinpared with the 
humid tropins, middle latitude areas may have as 
'^i!^^^^ percent greater photosynthetic poten- 
tial for the summer four-month gfowkig season (Ta- 
ble 19).. This is because potential phofosynthesis is a 
. fimction of the positive effecU of day length and 
solar light intensity (during which photosynthetic 
produq^s accumulate) and thje negative effects of 
temperature and night length (use of photosynthates 
for r^piration depends op temperature; long, H-arm 
^ nighff mean greater respiration yth no photosyn- ' 
thesis);This reasoning, documenffc by Chang (1968; 
1970), partially explains the much higher nee yields 
in the U. S. compared with tropical Asia. Only if two 
or three crops can be grown per year on a given land 
area can tropical areas outproduce middle latitude 
areas ^" 

If industrial technology permits high yields from 
land, ownership of land resoifffces is an important 
element in understanding the structure of the 
American food system* O^t-nership of land is an 
economic and political issue Industrialized farm 
units*are becoming increasingly larger In 1880 the 
average farm size 134 acres In 1940 it was 1>5 
- acres Since then it has risen* a much faster rate so 
that in 1969 it was 389 acres In 196^. over 54 per- 
cent oT America's farm Jcreage was in farms of 1000 
acres or more (USD A, 1974b:23). T^os. the recent 
mcr^ has partly resumed from the Emergence of a 
numbed of large uniU ^lifomia is^rhaps ih^ most 
extreme case of cxwicentration. partlr as^ result of iU 
history of large land iBiyts dating back to the Spanrsh 
colonial system, bqt the phenomena is' sufficiently . 
widespread to caus« cmicern in other regions. In* 
North Dakota, a 1932 law excluded larg^ nonfarm 
corporation invetim^nt in basic agricultural produc- 
tion.. Cj^ifomia, FfcMida^iiid Texas are the major 

'VPotentiai ^lHosynt^^is for,v^i1ous time periods are com- 
Pired in Tabling to'the Medit^anean (winter rainfalJj areas- 
i^hich have ih&H-orid's highest «inual value S4easuremenU are 
based on a star«ard plant aridicanite be compared diwctiv to 
specific crop >jelds Per other than reiative ^iiterpretatjon of cli- 
> matic zones see Chang. 1970 ^ 



corporate farming states, with half of their 4800 cor- 
p6rate farms having annuaJ sales exceedmc 
$100,000 (USDA. T974b:26). 

Concentration of production in large units paral- 
lels their develoRpient. Betwefen 1964 and 1970. 
farms with over 5^0,000 in sales increased in domi- 
nance from 64 to^7€ percent pf farm iales, although 
they numbered only 21.5 percent of ail farms. Con^ 
centration is particularly notable m several farm 
products. the middle 1960's. over two-thirds of 
America's vegetable production was concentrated m 
farms wOh over Si 00.000 m sales, as was one-third 
<rf LJ. S poultry production {USDA, 1974b-26)- Even 
H'ith farm products where concentration is not as 
great, such as cash grains, concentration may aj^pear 
elsewhere along the food supply 'linkage: six com- 
panies control over ninety percent of the wholesale 
grain market A 1967 studv reported that full 
economies of scde ja many types of Afnencan farm- 
ing could be achieved with farm uniU of modest size 
operated by one or two people, with a high degree of 
mechanization and with custom %m services aiding 
smaller farms to achieve similar economies JMad- 
den. 1967) 1^969. farms with sales greater than 
'$100,000—0 9 percent of all farms-^hsorbed 29 
percent of all feed inpuU, 11 percent of all hiel in- 
puU. 39 percent of all livestock and Multry bought 
on the market. 24 percent of hired ^fcrhiner>-. 17 
percent of all seed. 16 percent of all fertilizer, and 41 
percent of all hired labor fHightower. I973j 

Labor 

As technological inputs to farming have mcreased. 
hynKin labor has- drastically decreased (Table 13), 
The modem industnaJ farmer in the^United King- 
dom produces from 125 to 800 times as many 
calories as he eats bl using mechanization and 
energy subsidies (LeacYl975) So long as energy is 
cheap, he can produce food ifiexpensivelv and still 
eartj a reasonable wage 

There is a large disparity between farm and npn- ' 
farm incomes in. the United States fS6.400 versus . 
S9.60a average family income in 1969) These fig- 



TABLE^q POTENTIAL NTT PHCR-QSYNT HESIS OF WORLD CUMATIC REGIONS 
^ J ' ■ 



Region (Koppen 



en Crnnatic 



Notation) 



Hunitd tropical areas {Af. Am) 

TrppicaJ s^anna areas [Awj 

VVarqjjnpist subtropics [Cfa. Cwa) ^ 

Humid, midlatirude west coasts (Cfb.Cwb) 

Mediterranean climates (Cs) 

Cooi continental climates (Dfa. Dwa] 

Cold continental climates (Dfb. D\>b) 



Potential Photosm^iesi^ 
^ "^on^^ a Month Annual 

Amount % Cs Amount % Cs Amount % Cs 



2-9, 

3 2 

3 ^ 

4 0 
3 9 

3 8 

4 1 



/ :> 
84 
89 
105 
100 
99 
107 



5 8 

6 7 

7 2^ 
7 2 
6 4 



84 

86 
92 
100 
100 
89 
86 



8 8 

9 2 
9 1 
8v 
96 
6.8 
6 2 



attrtbuted to *Jf periods astunie adequate moisture availabiht. 
Sou^ Modified froovChang (1970^) L'^ed by pernlusaon of the Zn.U of rhe ^^^at.on \i Amencan Geo^pHer. 



92 
97 
95 
91 

100 
71 
65 
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ures are* deceiving because much of the disparity 
can be attributed to the ver>' lew income leyels-of 
fann labor. Much of this labor is invisible to urtsan 
Americans, since it is expended far away, on crops 
seldom conjuring images of American faming. Farm 
laborers pick fruit, clean and bag vegetables in the 
field, spray pesticides, weed, and do other labor in- 
tensive operations. By 1972. only 2.8 million work- 
ers remained in the U S. food production system; 
approximately twenty percent of these were black. 
. Puerto Rican. Mexican-American, or Mexican. Of 
this number, the minority who work all year (13 1 
percent) made an annual average of S3. 170, whereas 
the overall average wage was only Si. 160 per an- 
num Government policy aids this process of human 
abuse by differentiating between the rights of ag- 
ncultural and nonagricultural workers Large num- 
bers of the former are excluded from many of the 
benefits cjf labor legislation Often, farm workers are 
not unionized, and migrant workers are not allowed 
to birgkin collectively for hnproved benefits such as 
•unemployment compensation In 1972. federal 
minimum wage regulations covered only 535.000 of 
these workers (URFE. 1973 70-71.981 Agricultural 
workers receive low rates of uijury compensatien. and 
ui thirty states are graiitfed none at all. even though 
agnculture is the third most hazardous industr>' after 
mining and construction. Moreover, they receive 
less comprehensive social security coverage than 
workiers in other mdustriaJ sectors Also, weak child 
labor laws allow about 800.000 children to work dur- 
ing school hours (URPE. 1973 70-71) 

A justification for this lack of power among work- 
ers m the agnsultural production sector advanced m 
' Congress is that 

farm cornmodit> prices are determined on a day^ 
to da> basis in a high!> competitive world market 
and rigid bargaining legislation Wiight weaken the 
ability of L' 5 agnculture to compete in world trade 
(U S Senate. 1972 50) 
Other factors reinforce tlys m>lholog>' The trend 
with some, crops towards "runaway fields" is one 
. example. Tp avoid increased labor Costs, corporate 
farmers may move tl^ir fruit and vegetable produc- 
tion to southeast Asia or Latin .America (DeMarco 
.and Sechler, 1975:80-82) ^ 

Our image, then, of the highly productive Amen 
can farming system is tainted by recognition of the 
poverty levels of farm laborers. U S. poli^' encoui 
a^es further development of agricultural t^hnology 
sonte intended further to replace the farm worker, 
rather than to improve conditions for this group We 
subsidize the expioitation of farm laboters by publrt 
provision of welfare, migrant honsingr. and other 
programs which make possible the continued pay- 
ment of substandard wages. 

Capital 

The industrialized farm is a capital intensive en- 
terprise, depending on long-tenp capital availability 



for l%nd. buildings, ind machiner\'. and short term 
capital for operatirig costs between harves^ (Evans 
andSimunek. 1976) Since virtually all secifients of 
the farming system (land, labor, energy) hive mone- 
tar>- value, detailed analyses of farm and crpp budgets 
ha\^ -been prepared to guide fanners in their deci- 
sions ^* Assuming that money could earn a return by 
bemg invested m alternative endeavors (such as 3t 
bank account, factor)-, poker game), any investment 
in agriculture represents an investment that must 
yield a return at least as great as the opportunity cost 
of the money, that is. what it would earn elsewhere. 
This is v^'hy we separated the annual income of the 
Pennsylvania farmer cited earlier into rttum on in- 
vestment and ^yment for labor and management 
When capital must come from private sources, 
reasonable return is expected it is interesting to note 
that m the early 1960's. even assumir^^ ver>- modest 
f4 1%) retum^on capital investment, many American 
farmers were* working for wages as low as 50C per 
hour, and some, in areas of vanable crop yields, were 
' actual Iv losmg as much as one dollar for e\*er>' hour 
worked (Higbee 1963- 167-169) 

Many mdustnalized farms belong to cooperative 
organizations for supply of mputs or sale of produc- 
tion, and others assure markets by contracting their 
harvest before production Some data are available 
for an analysis of contract farming, the system 
whereby a corporation contracts for use of a farmer's 
land and production resources, gammg the cheap 
labor advantage of family farming, without assum- 
ing the risk of ot^-nership or capital investment. The 
fanner sells his prodace to the purchaser or proces- 
sor at a pnce fixed m advance between the two par- 
ties Contracts vary greatly in their details and 
whether the farmer gains or loses as a result depends 
on,ehvironmental conditions during the harvest^ 
yeir Some of the whjsx examples of opf)ressive con- 
tracts are foimd in t^e^broile^ mdustr>' 

The grower's contract is so unequal that he has been 
compared to the sharecropper in both hiS status and ♦ 
his povertv The difference m this vision of that in- 
famous relationship is that the bossman is an absen- 
tee landlord with a corporate not a persona! iden- 
XiW whose ' big house is in a ^panelled boardroom 
in'far away S^'linneapolis or Nevk York. Othen^ise the 
analogy needs no explanation The cropper is vis- 
ited b\ the field man ' who supplies him with the 
essentials to make a crop fin this case bab> chicks 
feed and technical advicej, the field man collects 
harvest (8 week old chickens) measures the results 
{he weighs the chickens and sets the prK«] and de- 
cides what the croppers share ought to be The crop- 
per ma> even be forced .to buy his supplies fhis 
broiler equipment) from the company store The cor- 



•^.The mofl deUiied of the$e budget oaJcuUtKjas ar» in ti» Firm 
^hlerpn^t Data System of th« Economic Research Service of the 
USDA' Tbe\- have a high degree of spatial resoiutios and twidget 
dMaiL Whole farm budgets are al^ pcepared tf* the L SDA as well 
as b> various farm organizations and agncultural extension ser- 
vice* I'L'SDA. 1971 1976 Kien2 et ol 19761 
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porale landlord keeps alJ the records fL* S -Sen-, 
ate Sut|committee on Vtonopoiy. 1972 3702) 

Government estimates of the share of JU S food pro- 
duction produced under controls iiAlicatfi that for 
some commodifies. such as milk and broilers. 95 
percent of production is controlled bv contracts. 
with_considerable variation in other cximmodities 
(US. Seti^te. 1972). Such contracts mav exert a 
stabilizing effect on food supplies, but they also 
suggest a further dimension of concentration, con- 
trol, and exploitation 

The politicaJ miportance of food forces the gov- 
emment to support agriculture bv policy* and bv sub- 
sidy programs. Schultze (1971) estimated that ag- 
ricultural subsidies cost the U S. taxpayer $9 to SlO 
billion annually Since the I950's there has been an 

* overall increase in both the number o? subsidv pn> 
grams and the level of direct payinents under them. 
Direct pay-ments mcluded commodity control 
grams, land retirement payments, and conserv^fion 
and soil bank pa>Tnents for land imprcn-emenu In 

, addition there are a number of other subsidies from 
tl^ government, mcluding the Smith-Lever (IB14) 

• and Hatch (1887) Act granU to univ^ities for ag^ 
rictJtura] research and extension: tax reductfons for 
research and development costs, subsidized irriga- 
tion water supplies; and government research and 
agncult\n^ e^^ension roles Price supports and di- 
rect pa>^ents have disproportionately benefited 
large farms. An estimated 53 percent of price support 
benefits were received by Class i farms in 1^9. as 
well as 29 percent of direct paymenU. although these 
farms, with S40.000 or more m annual sales, consti- 

* tote only five percent of all faros Benefits for these 
large farms has been estimated at over fiAv percent of 
their total income, but less than one-third'the mcome 
of the farm group with lowest mcome can be attrib- 
uted to subsidies fSchul^e. 1971) The spatial dis- 
trilHJtion of govemment^ agrieultural benefits paral- 
lels the distnbution of farm size, with tl» modifica- 
tion that crops which dominate some areas are not 
subject to government support In 1970 the ten 
fargest single payments, totalling S18 3 million, 
Svent^to California ($15 million). Hawaii (S2 3 mil- 
lion), and Florida ($1 millM)n) (Ramparts. 1971) ^ 

Th* distribution of subsidies may be compared* 
with government tax receipts from the agricultural 
sector Tax revenues obviously need not necessanlv 
renaain intrasectorial m distribution, but the com- 
parison is of interest because it reflects another way 
in which the government has supported the trend 
toward increasing farm size Small farms with low- 
levels of income generally have a lower percentage 
Of reported losses for tax purposes than farms with 
high iocomes. The extreme cases in 1965 were those 
wHh mcomes m the $15-20,000 range, of which 63 9 
percent reported a profit and were taxed ^ording- 
ly. and the group of 766 farms with income greater 
than $1,000,000 of which only 14 percent reported a 
profit tU S Senate. 1968) Similar inequities m taxa- 
tion can occur v%ith property taxes based on assessed 
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values of farm land A 19^5 study in Illinois showed, 
a systematic bias in farmland assessment Ch^ners of 
farmland priced at $200 per acre paid taxes based on 
assessments of 38 percent of sale price This tax rate 
IS over three times that of fannland vnXh a sale price 
m excess of $1,000 per acre The latter was asessed 
at only 12 percent of sale price fSuccessfui Formimt. 
1976) ^ 

Largf farms also connote greater potential for en- 
vironmental pollution, pa^y because of cheaper ae^ 
cessibility tq operatmg capital and volume discounts 
on input commodities Perelman and Sbea (1972) 
cited data showing lower mterest rates on loans for 
larger farms, and sizeable volume disCTunts on fer- 
^ tilizer (ten pert^nt). insecticides (14 percent), and 
^nal .crop dusting f25 perqent) for farms of ^200 
acres or more 

Energ\' 

The fundamental task of any agricultural 
system— to harness solar energy for food 
production— is accomplished by using human, ani- 
mal, and manimate energy to channel the flux of 
solar energy in desirable ways In chemistry a 
catalyst is a chemical tha^ facilitates a reaction' 
Human and other energy forms have a^imilar catal>1- 

% ic role In agriculture Because energy can be mea- 
sured in unn^rsal units fcalones. )oules. BTL "s. and 
the likej. it has .become fashionable to measure the 
productivity of an agricultural system m terms of 
energy output (of food) compared to total energv m- 
puts, an approach that is somewhat ||isleading 
Calones of crude oil energy are not calOTes of food 
energ>*. since the former have only a potential catal>l- 
ic role, whereas the latter constitute energy consum- 
able b\- man WTiy. then, is energy analysis unpor- 

vlanf^ 

First, energy is pervasn^e m theiood supply sys- 
. teAi The system uses energy to run farm machinery, 
to manufacture fertilizer, to ship both agricultural 
inpuu and oikputs. to produce agricultural chemi- 
cals, to produce machinery and building 
components— the list js endless. In the United 
States. 12 percent of our overalKenergv use is for 
agnculture (Hirst. 1974J Here. then, the food prob^ 
lem overlaps the "energy crisis/* and both commcJd- 
ity and economic return* for en^y^inputs are of 
increasmg importance In the mdustnaliz^ nations, 
marginah returns for increased investment in 
energy-dependent inpuu are assessed with increas- 
mg care Developing areas, where umt increases in 
energy-based inputs could have greater marginal re- 
turns in terms of food supply^d human nutritKMi. 
must compete with the de^-eloped world m the mar- 
ketplace for energy inputs 

A second factor is the mterchangeabilitv of land, 
labor, capital, and energy. Production otherwise in- 
creased by expanding land planted to crops may also 
be achie\'ed by addmg more labor, capital fsuch as 
imgation systems), or energy (particularly as fer- 
tilizer) In the Uniied Slates, capital and fossi! taels 
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replace human labor and land, allowing the Ameri- 
can farmer to produce fifty times more maize than 
would be possible by hand labor, investing only 22 
man-hours per Iwctare of production compared, for 
example, to 1144 man-hours in parts of Mexico 
(Pimentel et aJ.. 1975:755). If energy inputs could be 
used to provide dr> -season imgation and fertilizer to 
produce an additional crop per year in rural Asia. 
Chancellor and Goss (1976) suggest that input of 
0.453 X 10* calories of energy could produce the * 
food needs of one person (0 952 ^ 10^ calories per 
year in Asia) without any expansion of land Thus, 
approximately three people could be fed with the 
catalytic energy role of one barrel of crude oil 

A final factor is that fossil fuel energ> . as a major 
agricultural input, is a nonrenewable resource To 
the extent that food production depends on energy 
subsidy, its energy needs must compete in the 
economic marketplace v^ith other energy demands, 
and as part of ihe larger energy economy, it p5ust 
e%eniually face the prospect of resource depletion 
\Se must question the eventual fate of food supply 
systems based on a fossil fuel subsidy . 

Estimates of the energy su«d> to the indus- 
trialized food s>stefn have been^Bae based on food 
prtxluction alone and on the whole food supply 
systeni -^.^n example of the calculations possible for. 
assessing the energ> input and return from agncul- 
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ture are average values for oom (maize) production 
in the United States (Table 20) Considerable techni- 
cal detective work must be done to complete these 
estimates, since values must be ascertained for the 
energy costs of manufacturing machinery. ^prcduc- 
ing pesticides, and running tractors, among others 
Tltt use of energy»in com production is worth pursu- 
ing because com represents a middle level of pro- 
duction 'intensity, intermediate, for example, be- 
tween vegetables and hay Since 1945 the amount of 
energ>- contributed b>' labor hks declined considera- 
bly, reflecting decline in farm labor populations over 
the same period. As the com yield h^s increased over 
the same period so has the demand for all other in- 
puts which utilize energy Note the particularly large 
increases of fertilizer This is to counteract the 
monocultural system s negative effect on soil qual- 
it>- 

in 1939 oom was grovix :n »hree >eai mtaiion oxles 
of cx)m-oats-cio>'er in order \o regenerate the soil No 
fenii]zer was used and 10.000 c^m seeds t^ere 
planted ;n an acre The yield :n the com belt states 
v^as 33 bushels per acre 3> .'■9''0 however roiaiion 
tiad Deien ieft b> the -.-ia-.sice' Instead -he average > 
farmer e:riplG>e<i 150 !b of n:troge:: fer^jhzer Che: 
25 000 seeds viere piar'.e:: per acre and yields '^ere 
90-100 bushels per acre Lerr;- 19^4 8 

It IS also apparent from the table that thr energetic 
^ efficiency- (the ratio be^v^^een the amount of energy 
expended in production and the amount received 
from the har\*estj of com production is very low and 
has declined in the pencxi considered Thus, it was 
3-70 m 1945 and onlv 2.82 in 1970 



TA3LI-20 EVERGi INPlTS PER ACRE OF CORN PRODUCTION '945 and 19"0 



Input 



Labor 

Maffait^r> 

Gasoline 

Nitrogen 

Phosp'borus 

Potassium 

Seeds 

imgatK>n 

Insect k:tdes 

Herbicides 

Dr>ing 

Electncity 

Transportation 

ToUl Input 
Coti Yield 
Output input TdAyo 



Units 



ho\xts 
Kcal ^ 10* 
gailons • 
pounds 
pounds 
pounds 
bushels 
KcaJ 10* 
pounds 
pounds 
KcaJ X io» 
Kcal ^ 10* 
Kcal ^ 10» 



bushels 



Arnount 



23 

:5 



0 1' 
19 
0 
0 

10^ 
32' 
20 



34 



Energ> 
Equivalent 
. 10* calonesi 



Amount 



12 5 
1800 
543 4 

5B 8 

106 
5 2 

34 0 

19 0 
^ 0 

0 

10 0 
32 0 

20 0 

925 5 
3.427 2 
3 70 



9 

420 
22 
112 
31 
&0* 
0 33 
34 
1 
1 

^20 
310 
70 



81 



1970 



Energ> 
Equivalent 
10* calonesi 



4.S 

420 0 
-9:'0 
940 8 
47 1 
68 0 
53 0 
34 0 . 
11 0 
11 0 
120 0 
310 0 
70 0 

2 896 8 
8 164 8 
2 82 



Ratio 
1970 

1945 



. 0 39 



12 00 
9 69 
3 SO 

^3 13 
2 38 



The Kc*i fluloc»kinel t» ll» wme m ihe fexxi caione . . . 

ScwTC* Pimentd rtal f 19731 mScienc- Vol 182 So>efaber2 1973 pp 444^5 Cop>Tight 1973 b> ?he Arnencar. ^s^ociaMon for 
Advsacmet^ of Science R^irmied b> permitiion Cff Divid Piroentel and Science 
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The example of energy input to com production is 
IMialleled by studies of other crops (Table-21 j and by 
the total energy input for food production in the 
United States (Table 22). More elaboate machinery. ' 
fertilizer, and direct energy use are important in 
the growth of energy subsidy for food production in 
the U.S. The food prov-isioji system, on the other 
hand, has used several times more energy than food 
production. For example, in 1940, over four times as 
much energy was used in food provision as produc- 
Uon. falling to less than three tijnes as much in 1950 
and 1960. but nsmg to over three times as much in 
1970. The system beyond the farm uses far more 
energy, and adds tiothmg to the amount of food that 



T.^BLE 21 ENTRCV BfTICJENaES L\ CALITORNLA 
FOOD PRODL'CTIDN* • 



is available Overall energy input in relation to ag- 
ricultural prodiictivity is illustrated in Figure/I. 
showing an as>Tnp!otic pattern Note the increas- 
ingly marginal returns to increased energy inputs— 
as energy ipputs are increasl^ there are no longer 
correspondingly grrfat increases in food outputs. To 
the extent that recent histoncal trends reflect pro- 
ductivit>- as a function of enefgy, small energy cut- 
backs would have little effect on productiNitv. but 
large cutbacks would apparentlv have a signiJRcant 
negative effect. Hirst (1974rt38j has calculated the 
approximate energ>^ use for food production among 
food groups 4n the U.S.. suggesting that,43 percent of 
the energy is used for livestock products. 13 percent 
for directly consumed starchy staples, and 44 per- 
cent for other foods (including ten percent for al- 
coholic beverages] Reflecting on our ^u-lier disciis- 
sion of dietar>- composition this point must be 
underscored— ^^-B not only eat high off the hog. but 
in doing so we apparently use a significant propor^ 
tion of our energy subsidy for agriculture. Figure 10 
summanzes the. picture for the industrialized ag- 
riculture of-the-L"nited States, showmg the amount of 
energy subsidy required to produce a unit of food 
enCTg>- ^5 For each food calorie a t\%XH:alone energ\' 
subsidy produced the food.?^ and another sw.or 
seven brought the food from the farm to us. 



r-udies^^ state ;e\-el and for oiher naaons §m example Or- 
Ytnkaeioi U 9 T 4, hav^ c-aic y that A peroeit of the Cal ifor- 

'^31'* *^^>*^> '-^^ agncultufal production Leach 
■9^5 56f attnbutes 4 6 percen*. of total L'njfbd Kin^dorn energ? 
ase lo f^oduction and 15 7 percen! of thai nation s tCFtal energ> 
tHidge* to the fefco n-s^e-m Coinparable figures for tha L 5 are an 
es?:-iiated/i2 perwr.* of ener^,- for the food svttem 'Hifs? 1974. 
a.nd an Kuplted feur pen^t for food production alone using ih*^ 
^sslab\ei uf Table 22 

Heichei and Fnak 1973 calcjiated as eo^\ 4ub«id-, of 
4944 calones per da** to prx^^joe a diet of 3391 calou^ a ratio of 
: 5 rather than the •>%o .mphed b\ xise Ste.nnar! and SteinJiar! data 
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Energ> Output 
"Crop Energ> Input Ratio 



Wheat 5 

2 554 
534 
2,321 
2 119 



Rjce 

Sorghum 2 
Com 
Potatoes 

■Apples I 26: 

Dry b^ans I I5q 

Carrots 
Grapes 
Tomatoes 
Peaches 
Lettuce 



1 059* 
1 054 
0 761 
0 731 
0 337 



Beans tbozerfi 0 324 

Cauhflower 0 248 

Pears «cani»df 0 241 ' 

Tomafoetsicanned) " 0 167 

8roccoir(^2eDi 0 133 

Cauhflovfe-er ffrozem ' 0 r23 

• Farm production Hithoj? prtxessmg excep* as specified 

Source OniniLa et Oi' .1974 n3^ 
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Figure 9 Energy Input s d FafBi Out pun n xY^ f S Food 
Synem Aher Steinh^rt and Stcmhart 11974 310) Used b\ 
pennission of John S Steinhart 




Figure 10 Energy Subsidy of American Agriculture 
After Stejnhan and Stemhart (1974 311) Vsed by permis- 
sion of John S Steinhan * * . 



TABLE 22. ^ENERGY USE IN THE U.S. FOOD SYSTEM* 



Component 



1940 



1950 



1960 



1970 



Productkm: 
Fuel (direct use). 
EleCUcity « 
FMilizaer 
Agricttltural steel 
fmn machinery 
Tractors 
Irrigation 
Subiptal 

PmxgSk , 

Food (ffooessmg industry 
Food processing machinery 
P^per packaging | 
Glass containers. ^ 
Sta^l'^cans and aluminum 
Transport (fuel) 

Trucks aad trailers (mannfartujp) 
Subtotals ? 
Preparation: 
Gommerdal refrigeration and cooking 
Refrigeration machinery (home and 

commerciaT) 
Home re fr i ge r atioo and cooking 
Subtotal 
Grand total 



70.0 


158.0 




232.0 


07 


32.9 


4o.l 


f)l 8 


•12.4 


24.0 


41. U 


94.0 


^6 


2 7 


1 7 




9.0 


30.0 


o n 


80<0 


12.8 


30.8 


i i ft 

11 .o 


19.3 


18.0- 


25.0 




35.0 


124.5 


303.4 


373.9 ^ 


, 526.1 


147 0 


192.0 


224.0 , 


3080 


07 


5.0 


5.0 


6.0 


8.5 


17.0 


OS n 
Zo.U 




14.0 


26.0 


51 .U 


47 n 


38.0 


62.0 


oO-U 




49.6 


lUZ U 




2469 


28 0 


49.5 • 


44.2 


74.0 


285 8 


453.5 


571.5 , 


841.9 


121 0 


1500 


186 2 


263 0 


100 


25.0 


32 0 


61 .0 


144.2 


202 3 


276 6 


480.0 


275 2 


377.3 


494.8 


804.0 


685.5 


1134.2 


1440 2 


2172 0 



•VaJuw shown « 10^ cakMTCi^ * . u 

Sower Steinhat and Steinha^-f 1974-309) Used by penn»oon of |oto S- Stemfa«t 



Traditional Food Supply Systems 

We now have an image of the American lood sys- 
tsm. productive and beneficent in some respects, 
wasteful and gluttonous in others. Borrowing a very 
e&ctive technique used by Heilbroner (19631. let us 
try to envisage the food system of a tx^tional soci- 
ety on the fripges of development, in contrast with 
the U.S. pattern. Our example is chosen from among 
those hundreds of millions where traditionati ag- 
rkttlture still persists. Let us begia with the ^rm 
itsetf. taking away 380 of the 390 acres, since .36 
other families occupy that land. The building^ goias 
well, the bam. the implement garages, the com crib, 
the silos, the milk lK>u8e* the tool s^p. In their place 
We have the eaves of the house and ^several mud- 
lined grain stores, a small ccnral for the oxen, and a 
patch for the chickens. Most livestock are gone, 
aince there is not sufficient room for them on ten 
acito. Two oxm «iid a few chickens remain. 

Fann mach^my? U too has vanished, replace by 
a small ox-drawn fdcm. a few odd knives, a machete, 
and a fine pair of hoes, one with a hand*forg^ blade, 
the other widi a intrch^ed in a country store. 
Obviously the gsoHne and oil tanks are goM, with 
DO f im-hiniM to run. The file of old tax rettuns and 
imn lecofds is now a tattmd m>t^x>ok with several 
important'date and tax receif^ for a few years past 
The diploma on the wall is now a third gr^ ^f0ol 



certificate, and there are no files of old farm 
magazines. 

The fanniwuse? Remove the electricity, plumbing, 
floors, and all but two rooms. Replace two-by-fours 
and brick with poles and ^ud. windows with 
wooden shutters, the range with a small keroscn^ 
stove. There are no cui^joards to be bare, and closets 
are pegs with a change of work clothes and one good 
garment for each family member. Hand woven bas- 
kets hold iwoduce in tte rafters of the house, and 
clay pots, filled at the str^m a" quarter-mile away, 
hold aday's drinking water supply. The watCT will be ' 
clear wh«i the mud settles. Grass thatch or comi- 
gated metal provides a roof, and during the r^y 
season drinking water will be collected from it. 

You can guess what has become of the power 
mower, television, mixer, clothes waster, and other 
^'necessities" of modem life. A battered bicycle, a 
transistor radio— these are the real luxuries. No 
driveways to shqvel in winter, no air conditioning to 
brMk down in summer. But of course only a primary 
school nearby, a dispensary five Ailes away, a hospi- 
tal 15 miles beyond, all over dirt roads without pub- 
lic transport. No grocery stores, shopping caters, or 
food stamps. 

Modest production of cash crops means an annual 
cash flow of one hundred dollars, in addition to the 
cash value of the food oops (as if that is an adequate 
n^suie of their valiw!). Of the hundred dollars: ten 
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may go to school fees, ten to taxes, twent>' to fer- 
- tilizer for the cash crop, twenty to laborer^ at critical 
periods during the crop yea^. twenty to household 
necessities like cooking oil, matches, needle and 

. thread, ten to clothing. 

Perhaps we belabor the image? Nevertheless, we 
must ask ourselves how a traditional system of ag- 
ricuJture functions, using the same frameworks wfe 
discussed previously. By looking at some of the im- 

#acts of the first salients of "development * we will 
also understand the e^cmg character of a transi- 
tionaL "green revolution^ farm, basic to underhand' 

* ing a third example of a food supply system which 
will follow 



Food Productii^ 

Traditional or preindustnal food supply systems 
may be defiaed as systems which -produce food 
without the benefit of fossil fuel subsidy fEhjckham 
and Masefield. 1970; Ruthenberg. 1971, Grigg. 
1974). Our Juristic example is drawn from an area 
most familiar to the authors — tropical Africa— but 
thb region differs substantially from Latm Amenca. 
for example, m having fewer traditional cases of 
landlord^tenant relations, and from Asia iE not hav- 
ing had widespread irrigation and its socio-political 
concomitants Nevertheless, the conditions we de- 
scribe are f>an-tropicaj in distribution 

Food production in the traditional s> stems is built 
from a store of information— a genetic stock of crops 
and livestock, and human information ihat may be 
referred to as folk science or ethnoscience. .Although 
individual differences in ability to know and* teach 
about the environment occur in traditional society, 
there is little specialization with regard td agncul- 
turaJ knowledge. Virtually every one has a -detailed 
and intimate familiarity with environment, of an ex- 
ceptionally high degree of ecological rationality as 
seen from our perspective (ConkJin. 1967. Morgan 
and Moss. 1970; Knight. '1974; Berlin et ai , 1974) 
Space IS allocated by traditional tenure systems, 
many of which are characterized by rights of use 
rathefnhan by true ownership, land is allocated by 
the community- for use. and is redistributed bv the 
communit>- as its membership changei Land and 
clop rotation, burning, and. in some ar^s. recycling 
of animaJ wastes provide nutrients In production 
systems with land rotation, known as shifting culti- 
vation. plantiBg is followed by long, wild fallow be- 
fore clearing, burning, and recultivation. Natural 
ecological succession restores environmental pro- 
ductivity. More irrtensive land use. dependent on 
crop rotations and manuring, are characteristic of 
areas with, higher densities of population fBoseruo. 
1965) ^ 
Solar energy in the traditional system is chan- 
neled, as in the industrial, through crops, but here 
the crops are often iriterplanted in the same field 
Interplanting minimizes weed infestation, pfovides 
a less unifom? environment for pests and diseases. 



and makes greater use of solar energy and soil nu- 
trients. In many tropical areas, the "field" is a micro- 
cosm ver>' similar in ecological structure to natural 
biological communities Succession is controlled by 
the field preparation process (by machete and hoe. 
perhaj)s by animal-drawn plow), by weeding and 

• cultivation as the crops mature, and by mixed crop- 
ping. Mixed crops, traps |nd snares for^imal pests, 
flooding, guarding, companion plaiTfTng (plants 
which resist pests are planted among the crof)s — as 
are marigolds and onions in the US.), and other 
techfiiques provide protection against pests and dis- 
eases. Hafvesting is b)-* hand labor or animai- 
poVered machiner>'. 

There are a number of spwtial and temporal means 
for coping with seasonality and variability in a tradi- 
tional production system. For seasonality, there are 
traditional calendars that control the scheduling of 
activities The genetically-coptrolled phenology of 
crops also helps to match food production to climat- 
ic seasonality. Spatial dispersion of activities may 
extend the seasona]it>- of crop production by taking 
advantage of different enviroaments. If temf)erature 
and rainfall patterns are favorable, multicropping (us- 
ing the same field for sevsrai crops in succession) 
provides a temporal sequence of food supply from 
the same field; grazing livestock on uncultivable. or 
fallow l^fi4 also extends the period of food produc- 
tion For pastoral ists'. seasonality- may mean trans- 
humance. seasonal migration of livestock thai allows 
harvestmg of solar energy by grazing in a number of 
pl^es and environments 

The major response to v^iability in the traditional 
system is use of what Allan (1965) has termed the 
"normal surplus " Faced with environmental varia- 
bility, traditional farmers, in areas with adequate 
land resources typically cultivable more land * herd 
more livestock than would be required to produce 
adequate food yields in an average year By cultivat- 
ing more land — or cultivating land more intensively 
than usually needed— the farmer assures that al^ 
though yields may be exti^^ly low. enough food 
will be harvested eveA^frtWe^Jxwrest years to supply 

• the family uiitil thtf^ ^xt harvest Clearly, this does 
not always work, fpr a new and unexp^'ed threat to 
production might elude the norrrfal surplus 
mechanism. For ^mpl^ the normal surplus might 
be adequate for occasional drought, but not ^locust 
invasion. The normal surplus strategy is so named 
because during all but^he poorest years the farm 
family produces more food, often much more: than 
can be consumed. During the best years, some food is 
left to rot in the fields, feasting is common, and suit- 

, able foodstuffs are converted to alcoholic beverages 
View the latter two. if you like, as a positive reward 
for the farmer 'working more than otherwise might 
have been required Jov Africa, the normal surplus 
may have been th/ fiVst commitment to a cash 
ecbnomy. since ^xpss crops could be marketed once 
the economic infristructure appeared. 
In addition to the normal surplus mechanism. 

0 



farmexs can also cope with variability by spatial dis- 
persion of activities, including spattereci fields and 
dispersed livestock. An example of the latter is the 
eilio exchange of cattle among the Pakot of Kenya.in 
which 9 person's cattle are dispersed- among the 
herds of friends ostensibly as a binding of friend- 
ship, but also as a means to prevent disease, drought, 
rustling, or 'other hazards from decimating one's 
herd (Porter. 1965). Several of the seasonality- and 
variability-adaptive aspects of traditional food pro- 
duction also carr\' over into food provision. 

Food Provision 

Food provision in a traditional society is 
simplified by the maintenance of singular 
production-consumption units. Each producing unit 
(the family) lives on or near the farm, {producing 
most of its own food need^and consuming much of 
what it produces What transportation is necessar\' is 
provided by human porterage or animal energy 
Traditional markets ma3^take some food out of the 
local community or circulate food within it. but 
many of the food transfers would be by barter (for 
specialized sertnces of a carver, physician, or di- 
viner), reciprocity {shanng of labor, food, and other 
commodities on a reciprocal gift-giving arid help- 
lending basi^). and redistribution thix>ugh tradi- 
tional authorities {v\ith taxation, personal wealth, or 
common fields providing food to needy fa«nilies, as 
well as for common ceremonial occasions) (Polanyi. 
1957) Food conversion is slmpfe. with small 
''amounts fed to livestock, som^food converted to al- 
coholic beverages, and sonrempving through the 
mechanisms described to other consuming units 
Dietar>' custom and etiquette govern food prepara- 
tion aibd ingestion, as in the industrialized world 
Food prejudices are common here as well as among 
ourselves, and some may have a rational basis (Si- 
moons. 1967). Forexample, adult lactase deficiency 
means many of the world's people cannot digest 
milk (hence the intriguing tUle, "One Man's Milk is 
Another Man's Whitewash"— Harris. 1972). 

In addition to the normal surplus, storage, migra- 
tion, toleration of hungr>' seasons, redistribution, 
and ^ietar>' change can all be seen to meet the Im- 
peratives of seasonality and variability. In the overall 
food supply s>^5tem. the traditional sociely's 
mechanisms for coping with the basic requisites^^^ 
food production, seasonality, and variability areM^^ 
sentially local in scale. Although the complex flft- 
work of flows and feedbacks that characterize the 
industrialized, system are not pretent. traditional 
mechanisms meet many of the fundamental needs 
for food supply efficiently and resiliently 

Assessment 

The characteristics of traditional systems include 
varying intensities of land use. particularly as a func- 
tion of population density, and returns to labor are^ 
inversely proportiofitl to land-use intensity. Boserup • 



(1965) has suggested that at low population den- 
sities, traditional agricultural systems can achieve 
high outputs in proportion to labor input by -using 
land rotation as a major sttfctural element. As popu- 
lation increases.* land mus^Pused more intensivWy, 
and the required weeding and other labor to main- 
tain productivity with increasingly shorter fallow 
means decreased productivityJo labor, but increased . 
-productivity to land. The ultihl^te traditional end of 
this evolution is the irrigated. w3l rice cultivation in 
southeast Asia, where marginal labor inputs may 
produce just enough food to sustain thejaborer 
(Geertz. 1963). As a resuh^ this kind of difference 
in land use and labor intensity, no single characteri- 
zation of returns to land and labor is- possible, 
perhaps with the exception that labor will be 
economized wherever possible — no one wants to 
work more or harder than necessar>'. 

Traditional capital is obviously simpler than in- 
dustrialized a^culture. often including hand-made 
implements. Complex irrigation systems are also 
capital, as ^ terraces and other land improvements* 
However, the terms of reference we have used before 
are useless in the traditional system. Capital invest- 
ments must be efficient energetically, since they rep- 
resent human and anim^ energy ^investment that 
must be produced by the sy^t^m. Energy then is a 
relevant measure 

Studies oi traditional food supply systems have 
been undertaken from an energetic viewpoint (Table 
23) Values range from 5:1 (output: input) among 
Ugandan pasloralists to 65:1 among shifting cul- 
tivators in Africa. As would be expected; energy re- 
turns to eneVgy invested must be significantfy greiat 
to maintain the human community. It is equally im- 
portant te recognize'^at ^hese returns are ac- 
complished without fossil fuel subsidy (Rappaport. 
1971). 

Technology is indigenous in the traditional food 
supply system. This need not mean that genetic and 
' cuUural information were developed independently 
wiAin the local society, but that whatevw* the origin 
of toese elements and whatever their fechnological 
products, they have been tested against local social 
and ecological environments, and modified and 
adapted through time Oanzen. 1973K That the sys- 
tem (and the society using it) persists is one indica- 
tion of its success; another is dur increasing appreci- 
ation of the complex cultural-ecological dynamics of 
such systems, and their resiliency to environmental 
stress. 

We wKo are accustomed to industrialized agricul- 
ture often view traditional practices with wonder, if 
not discfain. Particularly vexing is the apparent in- 
ability of India to feed itself, while its over 200 mil- 
lion cattle are not consumed by the Hindu popula- 
tion. India s sacred cattle are an excellent topic to 
help us spe unfamiliar practices in a more favorable 
light. Harris 1(1966) provided considerable insight 
into the taboo against beef corAumption when he 
arguedtlwt the -sacred cattle could be understood as 
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TABLE Z3. P^GEmEFTTOENCYOFTRADrnONAL FOOD PRODUCTION 



Society 



Place 



Kalah^ Bushmen 
I>odo PastoralisU 
Shifting Cultivators 
Taeiabega (shifting cultivators) 
India (traditional) 
Rice cultivators 
Chinese pe^kants 1935-37 
Com cultivation (boe) 
^ CofB cuJtiv^D (hoe) 
Cassava cultivation (hoe) 
Cassava cu ltivatiop (hoe) 

Soiiicer Le^ fl975): PimenteJ ef/ai (1974) 



Southern Africa 
Uganda 
Qongo Basin 
-New Guinea 
South Alhi 
Southeast 
Asia 
Mexico 
Guatemala 
Tanzania 
Congo Basin 



\ Energy Output/ 
J Energy Input 
^ — 



7.8 
5.0 
65.0 
20.3 
14.8 
14.2-16.5 
41.1 * 
30.6 
13.6 
26.9 
37.5 



^-4W>togicaUy raUonal. He suggested a symbiotic role 
of cattle with man. in* which cattle provide milk 
traction and dung, plus bepf and hides for Hindu 
untDuchables. Moslems, and Christians. For Hindus 
oittle are cntical for supplying labor at 8eas<inai 
botUenecks m the staple grain economy. By usinc 
crop wastes and uncultivated land, they do not com- 
^tewith man. and ijidirecily provide solar energy 
Sf^el (dung— two-thirds of which is used as the 
P^, of domestic fubl i^ India) and organic 

UmSxa for fields. These observations do not prove 
that numbers and products could not be used 
more efficienU^. buLthey do suggest that behind 
aeemingly irrational religious beliefs often lies an 
ec»logica] rationality. ^ 

Han-fa s argument has been developed further 
own an energetic viewpoint by Leon (1975). In In- 
dia. 29 percent of the matter provided to cattle is 
P®'**"* of *he energy, and three perrant j>f 
tlie protein, in contrast to flipe, seven and five^ per- 
cent in the United States, respectively (Table 24). 
Although the small- proportion of human food dhj- 
rided to cattle in India could be directly consum^ 
todian cattle providafood in excess of the edible 
tood consumed, in ^trast to the U.S. where six 
• times as much edible food is fed to cattle as U ob- 
tained from them. 
Ftaally. the tradiUonil system's ecological impact 
barn evolutionary, rathw than disruptive in na- 
ture. The theory j>f biological evolution concerns 
men than ^netic material; it includes the evpljiUQn_ 
of intmctive systems of living matter and en viron- 
mrat Thus the functioning and persistence of tradi- 
tional systems may be seen as an enduring evolUtion- 
My goduct of human activity and environmental 
modification. We certainly cannot suggest that over 
■ long period, without the Indu^rial Revolution 
even mmfossU fuel fubsidized agricultiae may not 
h«v».eamed the accolade of t'worid food problenL" 
Howayer. the industrial revolution, growth of 
technology, and. for prestnt developing areas, the 
cokmial experience have tnoi^t a kind of "instant 
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stress" to human experience. From the perspective 
of our recent history, we may see the ratioiiaJity and 
ecological sensibility of ti^ditionai food supply sys- 
terns. One of the dilemnjas of development is the 
maintenance of the ••positive" elemenU df tradition, 
while brmging change elsewhere: a pitKess of "ciea- 
Uve destrucUon" (Malassis. 1976). Planners usually 
neglect the former and the latter dominates, not al- 
wa5^ creatively. • 

Although our description of traditional food sup- 
ply systems has bpen both brief and oversimplified, 
our intention was to invoke a feeling of appreciation 
for the positive aspects of these systems: \ 

■ so called primitive societies developed ' 
technologies, techniques, and a s^ore of pracUcal 
knowledge of a wide range of sophistication, by 
wtiat must be admitted to be the scientific method, 
and neither their accomplishmfeu and skUls nor 
those of societies en voie de d^eloppement should 
be Ignored or discounted (Brown and Pariser 
1975:592-593) 

Wtoh brought into contact with the industrirfized 
world, traditional systems enWure various kinds of 
stress which should be mentioned (Szentes. 1971 
Porter and de Souza, 1974): 

(1) Entry into the market economy, occasioned 
by taxation, conscription of labor, or the lure 
of conunodities: 

(2) Allocation of JiroduCtive resources to that 
^c^^'iomy , -through xonquest by the colonial 
powers and European settlement, or alloca- 
tion of indigenous agricuftural resources 
(land and labor) to cash crops; 

(3) AcceleTBted growth of population as a result ' 
of diminished effectiveness of biologital and 

. social controb. including declining rates of 
infant mortality, changing incidence of <ks- 
ease, and decreased warfare and social un- 
rest; 

(4) Imposition of various land management 
practipes under polonial control, including 
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TAB LE 24. DWUtS AND USEFUL OUTPUTS FROM U.S. CAnXE ANb INDIAN CATTLE AN D BUFFALO. 1972 

Energy flO» calories) ^ Protein (10* kg) 



Inputs and 
_(Xitputs 



Inputs 
Edible Jtiy roan 
Inedibk by man 
Total 
-Outputs 
Work . 
Milk 
• Kteat 
Hides^ , 
Manure 
Total 
Elfidency (%) 



"TClatter (10*« kg) 



U.S. 



11.9 
.22.2 
34.1 



U2' 

an 

0.87 
3.00 
9 



India 



0.68 
40.00' 
40.68 



0.51 
* 0.50 

0.07 
10.81 
11.^9 
29 



U.S. 



38.8 
88.0 
126.8 



5.04 
4.40 



9.44 
7 



India 


U.S. 


India 


^ 

1.7 


16.0 - 


2.1 


120.5 


25.1 


33.3 


ia%2 


41.1 


' 35.4 _ 


6.50 






2.(J9 


2.06 


0.86 


2.23 


U17 , 


O.fl 


16,16 






26.98 . 


^ 2.23 


0.99 


22 


4 


3 
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cash cropping, prohibitions on traditional 
prwrtices believed to be wasteful (such as, 
shifting cultivation), ajid establishment of 
parks and reserves; 

(5) Introduction of alien technology and id^. 
with both practical implications (new ag- 
ricultural implements) and social ^implica- 
tions (rejection of traditional knowledge and 
cuhiire); and 

(6) Decline o( ecological conditions due to 
technological evolution insufficiently rapid 
to meet pressure on resourcer, to closing of 
such traditional outlets for man. land stress 
as territorial expansion; and to "careless 
technology" which has ignored l(Kal eni 
vironmentah milieus (Farvar juiaT^ilton. 
1972). • 

In spite of this wide range of assaults, m^y 
tional aspects of food supply systems persist with- - 
in the "developing" societies. N<Jt only do' these 
systems continue to provide needed fooditopplies, 
but they have been able to withstand veneering by a 
developing cash economy.' Indeed, some observers 
feel that «nall'«:ate^ditional farmers, respondnvg 
to oppc>^itiesiliat are socially, economically, and. 
ecologicaUy ratwnal from thei? perspective, are d 
positive element in rural development potentials in 
the nonixidustrial^orid. Others would subscribe to 
tbe VMW quoted ^ the*e^nning of this chapter. 

* Afiricultoral Development— The Green 
* Reig>littion 

The '^green revolution" began in the indus- 
trialized countries in the 1920*s and 1930*s witB the 
bleeding of new, high productivity c»p. varieties. 
Knowledge gained in the middle latitiule areas was 
the for i^seeich ^ograms in ttopical areas, be* 
gfamipg with cooperativeiresattrdb by the Mexican 



Ckwemment and RockefeUer Foiindatioa-id 1943. 
"and «»ntinuing today through an international net- 
work of agricultural research' centers (Tabltf 25). By 
the middle 197'o's. a substantial proportion of wheat 
and rice production in developing areas was bas^ 
upon high ymlding or modem varieties (N4V) of 
these crops O^lrymple. 1974. 1975; Atkinson and 
Kunkel, 1976). The MVs helped to overcome a 
number bf obstacles to improved crop yields, includ* 
= ing environmental, cultural, and dietary problems 
with dissemination of crop varieties developed 
elsewhere; the limited response of traditional var- 
ieties to fertUization; the photoperiodic sensitrntj to. 
day length and the long maturing time which hin- 
dered multicropping; and potential lodging (flatten- 
ing to the ground) of traditional tall varieties because 
of increased head size when fertilized (Brown. 
19^4:1 33-1 34J. In the period from 1950 to 1970, grain 
yields of developing countries increased by ahnMt 
one-third (USDA. 1974a:65). By 1973. apiwojomately 
forty million acre? were planted to My s of wheat and 
rice in tfi^ developing areas (Dahymple. 1975:19). 

Recently, the International Ri(» Research Institute 
-(ffiRI. 1975) coordinated a study of 36 villages in ri<» 
mdhring areas of Asia to examine the extent to which 
modem'rice varieties had been a^iopted by £armerp m 
areas where inputs and markets were reasonably ac- 
cessible, but where Isitensive campaigns to introduce 
4he mpdern varieties Jiad not ocpurred. Also 
examined were econpmic returns to fanners, 
changes in income and expenditures, and iise of 
other items of the MV package-fertilizer, planting 
n^ods. and chemicals for pest and dls^ conttol. 
Although it U erroneous to generalize.over a widely 
dispersed sample of farm vUlages. it iA useful tp list 
some general observations from this shidy: 

(1) A majority of farmers had tried MVs. and it 
is reasonable to assume all farmers are awffle 

of them; • . 



ERIC 



38 



52 



TABLE 25. THE NETWORK OF INTERNATIONAL AGRIctjLTURAL RESEARCH 



Institution 



Intero^tional Rice Research Institute 
(IRRI) 

International Center for the Improve- 

ment of KCalze and Wheat (dlMMYT) 
. latemational Center for Tropical 
Agriculture (CLVT) 

International Institute for Tropical 
Agriculture fllTA) 

V^'est' Afriqa Rice Devetopment Associ- 
y Aion {WARDA) 

International Potato Center (<ilP) 

Intem^ional Crops Research Institute 
for ihe Semi- Arid Tropics (ICRISAT) 

International Bo^ for Plant Genetic 
' Resources fJBTCR) * . — 

IStematiop^Laboratory^for Research 
on Animal Chseaaes (ILRAD) ^ 

International Livestock Centre for 
Africa (ILCA) * 

International Cent^ for Agricultural * 
Research in Dry Areas fICARDA) ' 



Location 


^Foun^ed 


Los Banos. 


. 1959 


Philippines 


19^4 


PI Rafan 

Efi oaian. 


Mexico 


Palmira. 


' 1968 ' 


Colombia 




Ifaadan. 


1969 


Nigeria 




Monrovia,' 


. 1971 




Lima, Peru • 


1972 


Hyderabad. 


.1972 


India 




FAD RniiFiJ« 




Italy 




Nairobi. 


1973 


Keny^ , 




Addis Ababa. 


1974 


Ethopia 




Lebanon 


(planned]^ 



Research Interests and 
Regional Coverage 



Rice — worldwide with emphasis on 
Asia 

VVheat. maize, bailey, tritidale— ' 
wo/ldwide . . • 

Beans, cassava, maize.^ce, beef^ 
worldwide for lowland tropics, with - 
Latin America emphasis - • 

Root and tuber crops, grain legumes, • 
ctf^s-rwoflldwide for bwknd tropics 
with African emfliask 

Rice— West Africa ~ 

Potatcfes — ^pridwide . • , 

Sorghum, millet, legumes — worldwide, 
unirrigated semi-arid tropics 

Conservation of plant genetic material- 
worldwide 

Livestock discjases— Afrita 



Livestock production— Africa 



vorldwide with empliasis pn semi-arid 
zones with winter rainfall * 



Sources: wide (19753,587); Jennings (1976 188) 



• • * 

(2) The life of lertilizers, insecticides, herbicides, 
and/^tors preceded the introduction of 
My^ in many areas, and fertilizer use. in 

^ pamipO^i^as practiced by a majority of 
fanners before MV technology. A Pakistani 
^village is an-e5cample (Figure 11]; 

(3) A^ian rice farmers are not resistant to 
change; although adopters usually did better 
than their beighbors even^Ben they grew 

; local varieties, suggesting that they were 
better fann managers; 4| 

(4) In many cases theMV*Vdid not provide great- 
er yields than local varieties, tut a shorter 
growing season and nonphotoperiodism 

:Mneans two crops per^ear are produced, with 
SQpie areas growing;five or six crops in two 
years; • ^ 
J5) Where MV s made a second rice crop possi- 
ble, it frequently displaced vegetable and 
pi|lse (legume) cropi %yith a potential for de- 
creasjng the quality of family'diet. depend- 
ing on level of food expenditures; 

(6) The MV's did not" decraase labor jhput, bat 
increased labor requirements eve* in area) 

.with tractors; ^ 

(7) Nevertheless, 'agricultural laborers seldom 
exp^tenoed the s^e chahge ii) economic 



standard of living as^ experienced by fanners 
who adopted MV*s. although only about 
two-thirds ot M V farmers reported increased ^ 
pipfits arid one-third increa^d level of liv- 
ing fTable 26); ^ ' f 
(8) Although increases in level of living and in 
profits- were - not, confined to landowning 
farmers with^ large holdings, increases were 
concentrated among this group, who also 
had more ready access to farm inputs and 
Qredj[t. and who had typically adopted MV's 
earlier; 

1^ (9) Typical kinds ofexpenditures by MV farmers 
include food, clothing, education, housing; 
medical care,, bicycle^, radios, other 
appliances and agricultural investments 
such as tractors anjd wells; 

(10) Many constraints no increased pitoduction of 
NfV's are those AhsocfkiM wtth the * 
package— pest and disease problems; fer- 
tilizer availability: adequate , irrigation and ' 
drainage; availability oX credit; availability of ^ 

» seed; « 

(11) Local varieties are still important, both for 
disease resistance and for .local ftio^stufts; 
MV's are_ usually the marketed variety \f both 
are- grown, but. in at least one government. 
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price support traditional export varieties 
meant lower MV acce^i^ce. . 

This summary, as well as the deuiled ttudV. suggests 
very strongly an evolutionary rather than a rev- 
olutionary change in association with modem va- 
rieties. - " . / 

In Java, twd villages studied show^ad a marked 
contrast in acceptance of MVs.of rice. In the East 
lava village. MV acceptance was high (99 percent), 
as was population density (2137 people >b *453 
houseliolds ontl70 hectares of firmland). The West 
Java village hadjlgomilatio^ of 3322 people (958 
hoiiseholds) on^Mktares of farmland, but low 
acceptance of M^Bj^Oi areas had access to im-: 
proved local varieties before MV availability. MV's 
were' introduced to each village in 1968, and first 
planting was undertaken by village leaders. In East 
Java, acceptance was japid and 'remains high, 
v^hereas in WesU^|^|(St rnf^tation.caused severe 
cropMossa^Tu^fl^u^PKiil irarieties. In the latter 
villa^p:*1ocal iPflpiw varieties ^outyielded MV's, 
whereaS in East Javaihe MV had marginally higher 
yields, in spite of a m^ked-increase in fertilizer.use. 
Acceptance appear^^b be more r^atfed to shorter 
maturity, critical in an area of intensive double 
crop{)ing. In East Java, MV's requifed itK>re Mwr 
than loc^ varieties, primarily as a result of weemng 
•eqilred by the higlf fertilizer inputs which encour- 
age weed growth, m West Java, harvesting the MV's 
took less time, because the sickle rather than the 
hand knife was used. In both areas, the rice" crop is 
very labor inteijsive (147-276 man-days/ha) with 
double tl^e labor input 'typical of Philippine farms 
(70-130). for example. Both areas experience annual 
rice shortages, and evidence suggests that even in 
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Figurf 11. Adoption of Improved Farming Practices in 
Aroop. Pakistan Aftw Ilt!l^l975.2G4). 

the MVWa of East Java, farmers are fto better off 
after having accepted MV's (Table 27). The study con- 
cludes th^, "there is ho sign yet of any 'green rev- 
olutioh* in the sample areas** (IRRI. 1975:199; see 
also FraB>ie, 1974). 

Given the present iraport^ce of the green revolu- 
tion technological package for increasing food 
supplies, wJshall look at dimensions of this 
technology from the point of view of vulnerability. 

World food se<Mirity" commonly refers to problems 
of greater concenbation of surplus food production 
in limited areas a«the absence of a cushion of food 
^ stocks or land res4Pls to nwet needs created by ex- 
traordinary eventsTOSDA. 1974a:40-47). However, 
the diffusion of technology from ^ mdustrial base 
poses problems that may be more localized— at the 
scale of a nation, region, or even farm The concept 



TABLE 26 INCREASES IN PROFITS .^ND LE\TL OF U\1NG IN SELECTED AREAS WITH MODERN RICE 

VARIETIES IN ASIA ^ ^ 

^ ' 

Percentage of Farmers Reportmg 
. . Bv Tenure By Fanp Size^ 



Growers of 



Modem ^oeties only 
Some mo#5m varieties 

eombined* 
Loc^l vaniBs only 

, all farms ' 

a. 

* Modern varieties only 
^me modem varieties 

combined*. 
Local varieties only • 

all farms 



Owners 



Tenants 



All Farms 



Less 
than 
4 ha 



4 ha 
and 
over 



59 
82 
73 
20 
44 

27 
*44 
38 
6 
21 



Increase in Rice Profits 

33 ' 50 , ' 

33 78 . 

33 / 65 . 

1 12 

10 32* 

^ Increase in Standard of Livmg 

42 32 

33 , 43 

40 38 

.14 % 18 



All 
farms 



50 


. 87 


82 


50 


75 


59 


50 » 


84 


— rg" 


6 


6^ 




26 


66 


44 


Livmg 






25 


47 


44 


21 


' 38 


27 


22 


45 


3a 


i 


17 


6 


8 


36 


'21 




• Value for all farrocr^ who grew any modem vanejies 

* Owners only 
Source BUU (1975 354) 
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TABLE 27,^LENGT;H OF ^^^J^F^^^^ ,N AN EAST jXvA VILLAGE BEFDRE AND AFTER 

^ • . . ACCEPTANCE OF MODERN RICE VARIETIES • rurni^r. 



Year 



No. of 
faimers 



1968/1969 
•1971/1972 



Percent Use 
of MV 



70 
70 



40 
92/94» 



35 
33 



Duration o/ Food Shortage (months) 
{Percent of farmers reporting) 

1 2 -3 ^ 4 



3 
5 



20 
20 



38 
39 



4 

3 



. *T)ry teftion/wet BeasoiL 
-SoufC^rlRRI (1975:196) V 



of viilnerability was developed by Sprout^and Sprotit 
(1974). FoMdwing their typology, food supply vul- 
nerability niay arise from events in either the physical 
or social enviroament. ^pnerated disruption 
within the local are&sQfJ^y actions originating from 
abroa(i. We %^1 ejylore some aspects of new vul- 
nerabiliti^ introduced by the green revolution in 
ference to some basic requisites for a food supnly 
system. . ^ ^ , ^ 

The use^ imported green revolution "techniques 
createsradical changes in the distribhtidn of techni- 
> t:al antf g«ietic information. Technical information 
IS spfcialized knowledge whose application allows 
use ofsophisticatAd production proceduresv hnpbrt- 

ufl?u*^!fe°'^^^^^°'^^ far-reiiching^ changes in 
both the ^E^btripution of knowledge and the process 
by which iAfo^tion is disseminated throughout a 
society. Such changes are imposed upon societies 
wiA varied char^eristics. Some impacted areas, for 
example the original sites of commercial 4cloita- 
tiOT in Mexico, remained traditional untiMheir 
take-over by the Mexican government (de Alcantara 
1973-74). Elsewhere, the I8RI study (1975) noted 
that prior to the green KhrojbUon in Pakistan, im- 
ported commercial infrastructure and many green 
revolution innovations were already well- 
established. Information flow can be seen in interna- 
tional scholarships, the focal role of th^agriculturaf 
fwarch network, and training institut^Vun by mul- 
JiptiDnal agribusiness corporations. A spirit of 
^tisra develops among the modern ^agents of 
change. witl\ risk of losing traditional' knowledge. 
Rao (1974) has noted tfcat extension agents^ fail to 
include jEarm input in information flow, sm thai ex- 
tension ^ one-way flow, emphasizing fanners who 
are identifiably progressive, hi addition, other cbsU 
are sustained in acquiring green revoludon informa- ' 
tion. mcludmg foreign exchange losses (patent and 
^"^P^8 payments for-,*xpatriate expert iie). 
the brain drain to developedcoufliries, a^d t»taiMfei 

♦ inapplicability of particul^ttechfclogiifaB^ 
lent environments. We judge the fosa of local en- 

* viionmentol Ipowledge. as well as dF loc»I genetic 
material, a vulnef«bililf . since these'souites of fu- 
ture adaptations maysimJpngCT be Available. 

The seeds produced each year by food crops con- 
tain genetic informatlorf. In g-aditional systems 
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'either the individual farmer collects and stored this, 
information or limited local trade occurs. This Sys- 
tem thus assures that seeds adapted to each\ag- 
roecosystem will be available. When imported seeds 
are distributeKl. other varieties formerly used arefe- 
jected in favor of the high yielding varieties, Th^lciss 
of genetic Variability is felt by some ecologists to 
incre^ the vulnerability of physical systems (Dai- 
mann, 1973). Whether this is the case, such a changt 

, does alter accessibility to genetic information from 4 
ubiquitous to a commercial system. 

CounterKting the loss of^genetic information i^ 
the development i)f regional. naUonal. and privetei 
stores of germ plasm. However, such peaks in a na- 
tion's information surf^ are very vulnerable to un- 

, predictable events, such as environmental hazards, 
and to social disruption, such as inad^uate funding 
or even sabotage. Genetic erosion has been char^- 
terisUc of Europfe and North America for some time 
(Miller, 1973; Harlan. 1975). The urgency of the 
green revolution problem is that the new varieties 
are increasingly being exported to areas which were 
the original genetic sites for the major world food 
crops, and from which loss-of genetic Wormation 
would be particularly unfortunate (Frankel, 1973- 
Oldfield. 1976). 

• The introduction of high response varieties of 
seeds has an impact on the provision of land with 
several different implications for food system vul- 
aerabiJity. The importance of . access to 
commercially-sold inputs for MV success gives es- 
tablished landowners with surplus income an ad- 
vantage over smaller farmers. This initial advanUge 
IS translated partially into new lanti purchases and 
increased concentration of land ovraership. Sxnce 
owership is afready highly concentrated ((Sriffin. 
1972; Rao. 1974), this increased social inequality can 
only increase the potenUal for vulnefability to social 
disnipHon. In addition, like large farms in the U.S.. 
large farms in developing countries have financial 
mcenlives to use potentialjy hamful levels of ag- . 
nculturdl chemic^sf^ieayer. f972). 

WatCT is a criflcaleleroent for success ^f MV's. The 
FAO pJbject^^t by the year 2000 controlled water 
use will incr^tfe by 240 percent in the agricultural 
sector tfrown. 1974rf01). Institutional problems of ' 
water mlH^gemen/ declining ground >fater tablt 
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. silting of reservoirs and canals, and energy demaiids 
Jot irrigation are all sources of food system vulnera- 
bility. • V 

The grettB revolution brings an 'important change 
in the patSn of nutrient control used for agricul- 
ture. Manufactured sources are supplying increasing • 
shares of nutrient supplements, a transition encour- 
aged by the use of MV seeds. The new seeds require 
assured 'quantities ^of nutrients in concentrated 
amounts and this means use of commercial fertiliz- 
ers which until recently were cheap. Such a change 
has several implications foriood system-vulnerabil- 
ity. First, vulnerability may occur because of price or 
• supplf^hanges foj fertilizer. Yield potentials of 
MV's. n^(Bly dependent on fertilizer iflpu^. may be 
threatened. Scc^^r inequities in fertilWr distribu- . 
tion at an intra-^ well as intemationaJ scale mean 
that fertilizers are not allocated where 'marginal pro- 
ductivity is greatest. The opposite appears true — 
the wealthy have access to fertilizers at levels giving 
little marg{pftl returns. Third, fertilizer production is 
often locate outside national boundaries, vn\h re- 
sultant vulnerability to political or economic disrup- 
tion. , , 

The green revolution technology ceplaces tradi^ 
tiorial methods of weed. pest, and disease control. 
For example, in some rice producmg areas, a combi- 
nation of deep floodin^ and fish introduction were 
•^Used as insect CGOitrols. MV plants are usual^' short- 
stemmed to prevent lodging, thus preduding deep 
floodirig; persistent insecticides km nsh^and di- 
minish the availability of this protejn source 
(Palmer. 1972). Monocultural practices. partif;ularry 
region-wide p^%0ting of identical crop varieties, inv 
pose the threat of epidemic-diseases, and the 
emergence of Insecticide-tolerant pest' species. 
. Agrichemical residues in the diet also affect the 
health of the pipulaticm. especially that of agricul- 
^ turd workers. Lakshminarayana and Menon (1972) 
noted that in India the-highest agrichemical concen- 
trations are in starchy vegetables and cereals, thus 
having a greater impact on the poor who consume 
pjore of these foods*. Rao (1974) noted the increased 
dangers of pesticides for users with low skilllevels. 
such as those in developing areas. The danger of 
exposure to toxic chemicals is greatly affected by the 
accuracy with which instructions are followed, pro- 
ved 096 can read. 

Returning to the Sprouts' typology, we can see that 
the green revolution brings with its benefits a variety 
of vulnerabilities. Among physical vulnerabilities 
those associated with Ic^l environmental dis- 
ruptions of supply linkages for needed input^and 
increasing international dependence on fos^ fuel 
subsidies in the face of depletion of this resource. In 
addition to international social disruption affecting 
•input supply lines, internally the green revolution 
may exacerbate status distinctions based on educa- 
•tion and wealth* with the concomitant risk of in- 
creasing internal imrest. ^ ' > 
Pniiapt the most imp<mant aspect of the grjm 
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revolution approach is the removal of the multiplic- 
ity of tradftional means for coping with variability. 

'without gaining the institutional, technological, and 
spatial processes that buffer the industrialized ag- 
ricuhural system against variability. A new set of 
dependencies is created for the fanner and consumer 
and should' those dependencies fail, tradrtional 

^means may no longer be able to operate. 

The gains of the green revolution are nevertheless 
important. First, it has contributed at least to main- 
taming' food supplies for growing populations in de- 
veloping ar^. Second, it has demonstrated the re- 
ceptivity- of traditional farmers to innovation, pro- / 
vided the necessary institutional elemeqts are pres- 
ent (Crosson. 1975). Third.Jfhas given developing 
countries a greater period in which to address popu- 
lation problems (Brown. 1974:145). However, 
the model of industrialized agriculture implicit in 
the green revolution is certainly a questionable solu- 
tion to the world food problem 

Conunt^n and Contrasting Elements . ^ 

All food supply systems must overcome spatial 
, and temporal tensions betweeb the photos^-nthetic 
process, harvest, and consumption. In doing so. all 
follow a basic set of requisites, some addressed sim- 
ply and others dealt with in a high degree of com- 
plex elaboration. Both traditional and industrialized 
fcx>d supply systems are the result of evolutionary 
^ processes, and iiioorporate a vanet\- of mechanisms 
for coping with seasonality and variability to assure 
food availability Although the green revolution 
farm can be s^n as evolutionary in the context of a 
longer period of intrusion of industrialized agricul- 
tural practices into nonindustrial ^^as. all these 
practices ar* alieri in the context of developing 
world societies. Producing more food from the farm 
does not solve the plethora of othei' problems of 
development— including distribution of food sui- 
tably according to needs. The commitment to inci- 
pient industrialized agricultura imposes vulnerabil- 
ity to events beyond the control of the developing 
nation. j 
' The green revolution can beseen primariTy as an 
effort to bring the genetic and fossil fuel subsidized 
technology of the Industrial world to developing 
areas in the hope" of substantially iiKJeasing agricul- 
tural^utputper unit ofJand. Although it is desirable 
th*i the yield gap between the developed and de- 
veloping areas be narrowed to bring f(K>d mote 
equitably to (he-worid's people (Table 17), it. is un- 
certain whether the financiafresources will be avail- 
able, and whether eai^h resources wfll permit the 
developing areas to "catch up." In our view, narrow- 
ing the yield gap_may require the willingness of in- 
dustrial areas to tolerate declining yields. 

The green revolution does not appear to have-geo- 
erated the numbers of displaced, landless pe6ple 
once expected, but. in spite of a continued'high labor 
requirement, similar to if not greater than that of 
traditional agriculture, it has generated labor prob- 
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lems. One of these is seasonality of labor demand 
and a consequential lack of steady, reliable emplov- 
men! (Feder.' 1973-74) • Potential labor exploitation 

, may result/as well as ap impetus toward mechaniza- 
tion of labor bottlenecks. This then leads to the qlies-" 
tion of technologies appropriate in design anti scale 
to developing areas, andthus to the role of agnbusi- 

' ne^ in development. A multinational corporation's 
primary concern is profit {Bamet and Muller. 1975). 
and profit vyll be maximized b>' sale of existing 
. technologies whose research and development costs 
have already been recovered in home markets. Offi- 
cials of developing nations, tramed as industrialized. 

^ agriculturalists, understandably follow FAO leader- 
ship4n' viewmg^mechanization'and use of chemicaU. 

' as indispensable for agricultural development. The 
FAO. in turn, draws upon its lndjjstr>- Cooperative 
Program for advice. The ICP has 100 multinational 
agribusiness firms who have joined with FAO to ac- 
celerate development cooperatively (DeMarco and 
Sechler. 1975:75-77) The pressures toward an ia^- 
dtistrialized, prototype for agricultural development 
are ob\ious. 

For all food supply systems, spatial organization is 
a fundamental approach toward meeting tHe various ? 
requisites vye hav» listed. Indeed, it is spatial organi- 
zation that creates the fact of a world food system, 
and therefore a world food problem' Let us begiti at 
• on* end of the scale. For the individual farm, mi- 
-.crospafial organization of|the field is an important 
element m harvesting solar energy resources, and in 
traditional agriculture it has been a major element m ' 
meeting succession and protection imperatives 
Also, the organization of the fanning unit affects its 
productivity TraditioxwJ farmers manage their eas- • 
ily accessible doorv^d gardens more intensively 
than distant fieJds^For industrialized farms, effi- 
cienc>- of operations and equfpment performance is 
affected by farm layout; as in tradilional agriculture, 
spatial disTCrsion of actiMtief may function as a de- 
vice for buffering th^ system against variability 

When we move up the scale from the farm, we 
leave many traditional .systems behind, although 
some, like Asian paddy cultivation, depended upOn 
elaborate ;sOcial., political, and resource manage- 
ment. It isrin the industrialized ipd green revolution 
food systems, however, where spatial organization is 
indispehsable at regional, national, and interna- 
tionaLsfcale^ Flows of agricultural infjuts to the 
farm, and flows of commodities from the /arm and 
•eventually to the consumer constitute a raajbr ele- 
ment in a society's basal metabolism. A multiplicity 
of linkages for any one kind of flow, and the capabil- ^ 
ity of tapping a wide |Mtial network of resources, 
give industrialized agriculture protection. against 
variability that is absent from green revolution situa- 
tions. We should not be deceived by thewstability that 
comes from this spatial redundancy* ih industrial 
agriculture — ultimately- we depend upofi fossil fuel 
subsidies, and when the well runs df^. the system 
will no longer be energized 
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What is the world food system? It is the combina- 
tion of material, etfergy. an(f information flov>'S that 
disseminate the impacts of actions that occur in parts 
> of the foodiSuppLv systems3ve have discussed Prices 
are perhaps a most obvious example, food prices in 
developing countries are linked to world energy, fer- 
tilizer. and fogd prices without regard to the produc- 
tive capacity of the countr>' itself (Chancellor and 
Ck)ss. 1976:215). Suppose a eiuntrv' imports half its 
fertihzer supply, farmers provfde t'wenfy percent of 
food needs by growing green revolution crop^, and 
half the nation's families liv'e on farms. Consider a 
doubling of imported fertilizer prices. Limiied — 
foreign exchange means fertilizer imports must be 
haJveJ; and green revolution farmers bid up the 
price of >local fertilizer, hrniting^ its availability to 
others. Marketable crop surpluses drop, particularly 
if farm families consume ^theu- normal needs and 
market oidy ^hat is excess Market shortages induce 
buying of^food supplies m anticipation of price in- 
creases (hoarding), which further limits supplies and 
drives prices upward People with' low income are 
forcedto star\'ation level diets, requiring the govern- 
ment to import aid sell food at artificially Ipw inter- 
nal pric^. These purchases limit new energy re- 
source and fertilizer plant development, because 
they exhaust foreign exchange reser\es. Thuf the 
opportimity to equilibrate the original price pertur- 
bation internally is prohibited Such an example 
derponstrates that with agricultural development 
based on foreign technology, energy, and material ♦ 
inputs, world markets and prices effectively pene- 
trate a countr>-, an obvious NTilnerability. 

Since the industrialized nations effectively tap 
most of the world's natural resource markets and 
confJol the provision of industrialized agricultural 
inputs, the world food system is m fact created by 
that group of nations. Not only are the major 
surpluses of agricultural commodities controlled by 
developed nations, but so too is the food production 
capacity of developing nations. The latter must shop 
in industrial marketplaces for agricultural in^ts 
and compete v^ith the developed nations for ener^ - 
resources The substance of the world food svstem. 
like the industrialized food supply system, is becom- 
ing increasingly concentrated, both politically and 
in the emerging role of multinational corporations 
operating in developing areas- 

The role of the multinationaj corporation as world 
distnbi*r is most dramatic in the area of food Ag- ^ - 
nbusiness is now bu>ing or rentmg more and more 
arable land Decisions on what to pla/it and where to 
distribute the harvest are made wrth the balance 
sheet in mind Thus ft is profitable in poor countries 



" This. IS a good example of a self-fulfiihng prophec) p€«ple • 
expect food pnce increases some buy Urge'quajitities based on 
That assujTiptM^n further shortages occur dn-.ing prices upward * 
thus the asRimptKm of pnce incre»es is proved tree, when "such 
increases ma> have been created ^or accelerated] by earh ]>uying 
and hoarding 



to use land tor exportable luxuries even "^%'hi]e'tbe 
people are suffraing severe malnutrition because it 
does not grow enough grain (Bamet. 1976) 

The developed nations have assumed *5ome 

humanistic responsibility for addressing the* world 

food problem :f 
« 

. . we . proclaim a bold objective — that within a 
decade no child will go to bed hungrjCthat no family 



wdl f^ for its next day's bread, and that no buiftan 
being s future and ca^acitm will be stunted by mal* 
nutrition (Secretary of State Heruy* Kissinger tp the • 
. # World Food Conference. 1974) 

Such a commitment must be more than rhetoric A 
pledge toward solutioirof the world food problem by 
the industrial nations is proper and correct: incrra^ 
ingly we ore the world food problem. 
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^f^'^f '!?".■ '«»oogni2eandQcfawiir|- 
edp/orthnghtiy that the rest of manJcind htU pro6- 
^ly never consume as mush food as the avernx 
AmericaiL ■ 

L R. &OWD (1974:44) 



. Vfhat are the alternatives for solving the world 
fo«d problem? For the optimist, science and 
technology, paralleled by application of demo- 
paphic brakes in developing areas, promise an end to 
hunger and f^iine. Technological optimism some- 

N^^de^ even the necessity of abating popula- 

At present [1967) there are about 3 bdlion men lining 
oil earth. The predidions are that there wiU be 5-7 
..ytallion arqiind the year 2000. At this rate of increase 
I { the number 100,biUioD wiU he reached m 200= 
W *T*.^ ^ ^ starvation nm- be a bitlw menwr>- 
only but today many, many persons go hungn- m a 
^orid where the technjcai wa>s and means ti) on- 
>«.<his are avails (deWjt. 1967:320) 

For the pessimist the ftrture holds the promise of an 
increasing gap between hungry populations and ths 
a^ity of the world to feed ttem. To some observCTs 
4he world's jwpulation has already exceeded the 
eai^s carrying capacity (Whittaker and Ukens 
If?? 1° we fKe the dilemma of providing 

food aid a temporary palliative, only later to wit- 
ness more massive starvation among even laraer 
■ population numbers: 

J. 

There can be DO moraJ obUgation to do the impossi- 
ble .^t some pomt. we in the Lnrted States are 
»>lng to find that we cannot provide for the worid 
amy ^re than wc can police it our position is 
thu: The sovereign right of each natioD tocontrd lU 
own reproduction creates the reciprpcaJ responsilMi- 
ity to c»e for its own people . wc must jiot permit 
tn» aid to un<ferwrite the failure of some nations te 
take care of their o*n (advertisement b^ The En- 
viroomental Fund. 1976). ' 

The ahfmatives then are those of triage-to help 
thoM nations where technological development is 
hkely to be accompanied by populaUon control, and 
no abandon the world's "basket cases. ' those who 
yroaid swamp the lifeboat. ^ 

To help us understand the nufor directions that 
^wlutoons to the worid; food problem might foUow. H 
wUIbe taeful to categorize a number oTcontrastint 
WMrpouits. EarliCT we conceirad of wious defini- 
tiens of the, world food problem from a spatial 
pwyective. This grouping was paitiettl*riy use^ 

J^!*^"* ^ '"PP'y •y»tem» in industrialiad 
twditional. and traositiona} settings. We noted a 



wicfe range of problems and potential solutions in 
each setting. Now. we will take the same kinds of 
problems definitions and cast them in a diffaent 
way. treating them topkally rather than sp^iaUy 
. Figure 12 suggests problem clusters seen from a top- 
ical viewpoint, including views of the worid food 
problem as fundamentaUy an economic, technologi- 
.caJ. environmental, demographic, or moral dilemma. 
Among economic problem definitions are qu«tions 
of supply and demand imbalanc^; technologv in- 
cludes the need hr research and developmeiit of 
new; genetic materials and production technologies 
envuonmem includes problems of ecological degra- 
dation aiid environmental change: demography ' 
deals with the question of human numbere- and 
morality or pquity includes the problem of unequal 
access tp resources, dietary extremes, and the fun- 
damental structure of the worid economic system 

a^ysis. the problem is typically con- 
ceived from one or nwre viewpoints on its caus« 
toUowed by solutions to these causal factors We 
view solutions in three broad groupings: those focus- 
•mg on technology, population, and moral equity lA 
general, technological solutions are those which aim^. 
to enhance industrialized agriculture at home and 
propagate it in developing areas, along with the 
socioeconomic concomitants required to diffuse 
technological innovations. The demographic cluster 
focuses ultimately oa populaSon numbers, for even 
the most oprtimistic ta»hnologists nevertheless con- 
cede that the earth is a spaceship, with some upper 
hmit on human numbers. Qeariy no analyst would 
be so naive as to assume that abated population 
growth alone wnll solve the worid food problem, but 
ew sblutions omit an implied, if not explicit, popu- 
lation component The equity cluster is a bundle of 
solutions that are essentially political, requiring 
comrnitinent to a fundamental reordering of food 
supply systems at all scales, accompanied in large 
measure bf« similar reordering of %^brid economic 
processes^hnplicit in these solution clusters are al- 
teraative hiture*. ranging from an faitegrated worid 
food system of high technological refinement to a 
itMMertion of local adaption and initiative, accom- 
paBl«l by equitable access to worid resources Be- 
tween these lie two forms of inequality and 
diflarentiation— duality and triage. Duality implies 
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ngu^ 12 Problems. Solut.oas. and hyphen Future ^ V.e^s of the World Food Problem .W.s suggest some anK,ng 
many of tte possiWe anaJ>tical paths that may be foHov.^ 



marted local differences in food production' 
t€chnolog>\ social status, and wealth, tnage implies 
the same dimensions among rather than within na- 
tions, the perpetuation of the "ha\'es'* and ' have- 
nots.' of the superrich and the hopelessly poor^ 

In this section, we first want- to suggest that the 
considerable disagre^ent as to the nature of the 
problem and its solutions reflecU positi%'ely on op- 
portunities for solving the problem! Tten. we wll 
discuss briefly the three solution clusters, finally 
concluding that whereas duality and triage are prob- 
able future courses for mankind, this need not occur 
if equitable and humane commitnjents are made b>* 
the.citizens of industnalized nations 

Tlie Adaptive Man-Envmmment System 

In the context of this pap» an adap^ve sy^stem 
refers to the ability of human society to interact vnth 
its enviitjnment to produce food. An adaptive system 
has several fundamental characteristics. First, it 
must be linked to its envkomnent, in this case by- 
flows of matter and energy. H must be able to extract 
information from environment, and to create new 
stnicttues and bdwviors in response to environmen- 
tal changes. These changte may come from within 
(innovation) or without (diffusion). Then, process- 
es of setection must exist, either in society or m 
environment, to test potential new behaviors Fi- 
nally, 8 memory must exist to preserve succasshil 
adaptations fof future u« (BiMJdey. 1968) 

•Ae biological mechanism of evolution is one 
example of tM adaptive systems framework, where 
behaviors (muUtions) apparently are randomly 
gemrated without regard to envirromOTtal adaptiv- 
ity. Genetic itwrturc remembers changes that have 
survived selection mechanisms, and reproduces 



them In the process of eultural adaptation. whUe not 
den^-ing the possibility of an 'out-of^the-blue' act of 
creativity, the creative process is guided by mforma- 
tjon flow from environment Knowledge and tte en-, 
cultuiation of children are means by which cultural 
n^mory is preserved Thus both genetic and cultural 
adaptation are powible m interaction with environ- 
ment (Figure 13). and both are relev-ant to this dis- . 
cussion. Genetic adaptation is an important element 
in providing new crop and livestock vaneties to 
meet imperatives of food supply, whereas cultural 
adaptation may be seen from a wider perspecUve as a 
process b>- which mankind solves its problems. 

How does cultural adaptation occur^ One usejil 
perspective on that process is to think of certam fil- 
ters through which new ideas pass Cultural filters 
measure social accepuB«ity as well as test new ideas 
vvith r^pect to existing kriowledge. Economic filters 
test tl^ viabUity of a neW ndea from an economic 
viewpoint, most obviously m monetary return to 
investment but, in broad terms, as a measure of de-^ 
sired returns in comparison to those from alternative 
investments of scarce inputs. Ecological or environ- 
mental filters take the test to the r^ world, andm 
that context select fbr viabUity (Fiwy. 1^) These 
pCTspectives. however, do not teU us where ideas 
come from, nor how they relate to the contemporary 

situation. , ^ . • 

Many icleas are derived in relationship to ongomg 
prtAlems or to salient issues of the moment- Figure 
14 schematically suggests a sequence of events that 
occurs in society's problem solving sequence (Orm- 
rod. 1974), Awaren^ of the problem com^nom a , 
linkage between society and environment- Tte crea- 
tion of new behaviors mcludes analysis and eventual 
definition of problems, and the search for solutions 
that are put forward and culturally screened jThen. 
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^JOTpta at solution have several resuJu, with 
wiooewful sohitions preserved (culturally encoded) 
ftwerved knowledge in traditional sockties is refer- 
nwl to M ethMweitoe. whereas m modrai societies 
knowledge is science and technology. 

li) the adaptive systenu framewo^jbr^ ^arch f^^ 
sofutiOTs is seldom random, but is freqwntly chan- 
neted by wir understanding of cause and effect- We 
accept that events have cau^ and seek to under- 
hand t^ i<fcnUty of causes, the mechanisms hy 
whidh^they openAe, and the process^ they rei>re. 
s^ For exampk, aeapching for a solution to tte 
probten of increasing crop yield depend^ on under- 
standing what it is that makes plants grovv Plant 
growth may be-limited by insufficient water, infertile 
^ soil, competition from other plants, diseases, or 
pesU. If you are a farmo' in southern Nigeria, you 
may imdmtand the use of chemical fertilizers be- 
cause your traditions have made you aware that 
• ^ ^^"^ »ubetaiM»s ("fh") from the 

•rtL^ly if you a^ an agronomist are you likely to 
WKWtand fully that some oops are producing the^ 
flwdrnmn yield as coohrained by their gei^tic en- 
Ammeiit. The Nigolan's search may be for com- 
mwclaUy produced "fat" for the soil; the ig- 
raoomist s for genetic material With a greater efB- 
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ciency of solar energy conversion and fertilizer utili- 
nation. 

Three important implications follow from an 
adaptive systems perspectiw on the world food 
problem. First, it is impcwtant to recognize the inher- 
ently conservative natum of adaptation. Perhaps in 
biology you heard the phrase. ' onXqggby lecapitu- 
iates phylogeny.*' flm means that the eml^onk: 
development of advanced life forms follows an 
; eTOlutionary-like pnx^. progressmg from single 
ceU to increasingly complex forms as it grows in the . 
egg or uterus. Genetic evolution builds upon itself, 
rathes than totally restructuring life, and .acaunu-'^ 
lates minor modifications which have permitted- 
survival in difEef«t and changing enviromi^nU. In 
tt« case of society's adaptation to environment, evep 
adaptation may sugg^ too extensiye a change A 
tetter term might he adjustment a series of miror 
changes that accumulate over time, but which when 
viewed from only two ends of the time spectrum 
might appear to be a more radical adaptation. Adap- 
tatioa does occur, however, when dissonance be- 
tween society's understanding of and behavior in en- 
vinmment utteriy fails, and when survival itself is 
threatened* The temporary abandonment of pastoral 



61 



life for urt>an refugee camps in the West African 
Sahel represents this kind of adaptation, at least in 
the shoit run. 

The conservative nature' of adaptation can be seen 
in the process by which the world food problem is 
addressed. Most solutions represent a cumulative 
tinkering with the status quo, rather than any fun- 
dament^ reordering of the system as it now stands. 
Only massive dissonance could alter this pattern, but 
for spme observers such dissonance appears at hand. 

The second i^liplicatioft of- the adaptive systems 
framework is the value of a multiplicity of problem 
definitions, solutions, experiments, and eventual 
answers. Thergteater the^ universe of perspectives, 
the greater the opportimity for productive solutions 
to be found. Rath« than experience frustration at the 
complexity of the world food problem, we okn be 
encouraged by the plethora of analyses and ap- 
proaches bemg undertaken. This further implies that 
we must avoid two potential reactions — dependency 
on a monolithic resp^bse ;o the problem (particu- 
larly, putting all the in the industrialized ag- 
riculture basket), and'f^lmg a hopelessness that 
5 us to continue as in the past, becoming insen- 
to the problem itself The conceatration of 
tecbhology and econorpic power in the industrial 
wonAtad in a small number of powerful firms within 
it enhance the risk of both reactions 

Finally, the adaptive systera^perspectiwe helps us 
to link problem definitions, suggested solutions, and 
implicit futures. We can trace one pr several solu- 
tions proposed in relation to conceptualizations of 
the nature of the problem, as well as the local and 
gl(^ implications of the solution (Figure 12) For 
example, if one views the proWem narrowly as ex-^ 
cessive population grovkih in nonindustrialize " 
a^eas which is hopelessly destroying the^ ability of 
resources to provide sufficient foodstuffs, triage is an 
imphcit (if not an explicit) hiture should population 
control fail to materialize. The greatest impediments 
to solving the world food problem may well brill- 
conceived definitions of its causes, leading to mis- 
directed solutions 

T^hnology 

Much of the contemporary literature on the world 
food problem focuses on technological approaches 
to increasing food production, as well as on the 
plannii>f necessary to disseminate t^hnological 
breakthroughs and encourage t«:hnology dependent 
agricultural development (Science. 1975, Scientific 
American. 1976), For this reason, we will consider 
altepiative approaches in greater detail, briefly 
suggesting ma^or directions of technological em- 




phasis' and focal questions tonoer|tfig technology 
based on agricultural experience i^h€ 



^ 

"the Industrial 



areas. 



X wide range of research Arections focuses upon 
technology (Table 28) as a solution to^the world food 
problem. Many approaches represent a continuation 
of emphases already evident inthe green revolution. 



including crop- and livestock genetics, farm opfera- 
tions. and increasing reliance on institutionalized 
' research. A ina>oremphasis is on direct and indirect 
f nergy subsidies to agriculture Mechanization, ag- * 
ricultural chemicals, and irrigation represent the 
substitution of energy for land and labor mainte- 
nance of food stockpiles and commodity food aid to 
abate famine are similarly energy dependent. It is 
obvious that itnvpuld be imjUfcible to produce all " 
the worid's food'hy energy intensive industrialized 
agricultural systems. To increai^ energy intensity 
substantially is equally probleinahcal. For example, 
it has been estimated that to double the worid's,pres- 
ently irrigated land vv'ould require an entergy input 
equal to five percent of the w*orld*s petroleum re- 
' serves ^idhyear (Piraentel et al.. 1975]. 

Could industrialized agriculture, through food 
stockpiles, meet needs created by production 
shortfalls, while mtermediate or small-jscale energy 
subsidized technologies catch up v^th food rew 
quirements? Political and mathematical analyse^ of 
the necessarv- grain stocks have been undertakeh 
(Eaton and Steele. 197§). but problems inheeent tn 
commodity food aid persist There seems t<5 be a 
strong view against regular food aid. which i^ sai(fto 
allow recipient governments to focus on industrial 
development to the detriment of agncultui]^ 

To conUnue to allocate free or low cost food to gov- 
ernments that neglect ti^ir ow-fi rurai areas is 
counterproductive* it simply allows govemmerus to 
put off the tedious and unglamorous task ef helping ^ 
'. their own people help themselves fWortinan ^ 
1976 35) 

Commodity aid may not solve food supply pro^ems. 
smce much food aid is soid by the recipient govern- 
ment and m^y not reach all needy persons Jn addi- 

-^ion. food aid may carry uneconomic "strings" such 
2^ the U S. government's requirement that fifty per- 
cent of such shipments mu^t be transported by 
American carriers, paid by ^recipient countries 
(Miyamoto. 1973) Program revenues loaned to pri- 
vate firms as part of poliaes to develop commercial 
opportunities may have negative repercussions For 
example. American firms have used low interest 
government food aid funds to establish poultry in- 
dustries in Colembia and South Korea, eventually 

• diverting crop production from traditional foods, 
such as inexpensive dr\' baans as a protein source, to 
needs of the poultry industry (DeMarco and-^hler. 
1975.46- SOJ^ Put simply ffood aid has often been one 
dimension of continued economic imperialism by . 
the industrialized nations 
. Technology and technological research are indis- 

■vpensable for'meeting the n^s of the world food ^ 
problem tMarj^n. 1975) Unfortunately, t^hnolc^y 
is 90 closely entwined m larger economic and politi- 
cal spheres that it is difficiilt to s^ect technologies' 
appropriate for local agri^i^tural in4)rovement 
which are free from the tentacles of the world energy- 
economy and the wqrld political system 
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> TABLE 28. TECHNbtOGlCAL SOLUTIONS TO THE WORLD FOODPROBLEM 

Pwxiuction: Qop genetics 

Improved photosyntbetic efficiency 
Disease resistance C 
f ^ Fe^ilizer response 

^ ' Imptoved struchire for light reception 

Improved nitrogen fixation 
New Iwbrid varieties * 
New domestication 
Drought resistance 

Improved niltritional qualit>- of crops 
.Animal genetics * 
Conversion efficiencies 
New domesticatipn 
Farm operations • / 

^ Improved pest control 

New pe!^icides and agrichemicals 
Aenal apr!.cation of pesticides 
Improved a^sease control* 
Soil management mjpiovements 
Mechanization \^ 
irrigation 
Factory farms 
* Research 
♦ Technology' iransfer 

Enhanced* international research network 
Building agncultural research in - 
^ developing areas ^ ^ 

\ Global momtonng systems 

Maihematical modeling ^ 
.\iternnve food Wurces ^ 
PrxMih s>*nttesS^ 

Utilization of protem xn oil crop * 
residues 
• Singlejril protein 
- Hydr^fcnics 
Ai)uaculture 
Fishery management 
Fish meal 

' , Land resource development and preservatHsn 

.%id areas 
Humid tropics 

Potential land m industrial areas 
^ J. . • Preservation of existing production areas 

Food Provision- Food preparation technology 

Nutrient fortification 
Food 5>uthesis 

• " ^ New process to utihze existing crops 

Food stockpiles 
Emergenc>* supplies - ' ^ 
Price stabilization ^ 
Commodity- food aid 
Y"ood protection alter harvest 
^ Agricultural special izat ion 



J 



Source Compiled from ceferrocef \n iheliibhographv 



Pofmlation 

The important lole of population in the world food 
problem is illustrated by the agriculttzral jwrtion of 
tlte World 3 computer simulation model (Meadows et 
flj., 1974). Worlds was created to explore the com- 
plex web of interrelationships among population. 



industry, agriculture. lesources. ancf pollution. E«:h 
of the sections of the model is quasi-independent, 
with external connections to other sectors of the 
model. The agricultural sector (Figure 15) consisU of 
several overlapping loops relating agricultural in- 
vestments, resources, and food productivity (flanders 
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and Zahn. 1974). Lc»p 1 is a pegative fiwdback loop 
which adjurts food output from land in prodiKrtion 
to match food needs by the mechanism of investment 
in land development (Loop 1 = l--*2-^3-^4-^5-^l). 
Loop 2 (l-*2-*7-^9-*5-^l) is similar in structi 
adfusting food output By agricultuml investm^ 
However, such investment imi^ies an add^oi 
loop (3 = l-^2-^7-^9-^a-*4«*l^ with positivrfoed 
back indicating that increased »productivity,%vil] 
mean increased erosion, requiting furdw investment 
to increase productivity. Loop 4 is also a positive 
feedback loop {l-*2-^7->10-^ll-^9-^&-*l) repre- 
senting fertility degradation as a result of pollutmts 
and other soil destroying processes. Fertility 
regeneration is possible in loop 5 
{W6->12-*lW9-^5->l) by allocation of lanifto re- 
storative {mxesses. Loop 6 (l-»6-»y-»9 >5 fi- 
nally, suggests that food supplies can be augmented 
in the short run by bringing fallow lane) into produc- 
tion. 

The actual operation of the agricultural segment of ^ 
Worlds depends on a number of assiimirtions, fex- ' 
pressed both verbally (Table 29) and mathematically. 
In addition, the matbematical equations desqribing 
the system must be calibrated for the "real world." 
The derived dynamics of the agricultural sector of 
Worlds provide an mteresting perspective mx the 
role of population. Among .a number of possible 
nK>des of population-resource interaction are those 
illustiiated in Figure 16, and the question raised is 
which, if any, appears to operate in the agricultural 
sectoEi^ Tests of World3 included an historical cali- 
bration of the model and a series ofltandard and op- 
tional runs to assess the models sensitivity to esti- ^ 
mMCnof parameters and technological innovations. 
Although^* there are many intriguing details at every , 
step of the Worlds model, we mu^ bmit mention 
tere to two results of these tesU. First, virtually any 

' combination of caJitmtions and technological policy 
resulted in an overshoot and decline pattern of popu- 
lation and resources. The model suggests that ,the . 

' critical element that is altered by various parameter 
changes is the timing of the overshoot and decline, 
with each alternative simply deceiving or putting 
off thus inevit^le. Secoqd, a series of equilibriiiin 
runs iiidicates that stability is possible, if Ihe basic 
coirective mo^ure — population stabilization — is 
taken sufficiently eariy. Figure 17 is the result of the 
run which assumes cessation of population growth 
-m thB ye^r 2000. 

One can debate whether 2000 is a firm date by 
which population growth must end. Indeed whether 
a leveling of popuUtiorf is more likely a cause or an 
effect of development is questionable (Frederiksen. 
W69; Teitelbium, 1975). Regardless, population 
numbm ale a critical element in food system ade- 
quacy. Qearly population is crucial qow given the 
unredressed imbalances in access to resources and 
difieientials in fo^ productivity, that characterize 

• the world food system. Even the most optifhistic 
view of |he success of various #ther "Solution^ to 




Figure 15. . The Structure of the Agncoitural Sector of tlw 
WoridS Model. Adapted with permission from N4eadows. 
Dbmiis L. William W Behrens ffl. Donella H. Meadows. 
Roger F. Naill. )orgen Randers. and Erich IC O ^hn. 
Dynomics of Growth- in a Finite World, copyright 1974 by 
Wright- Allen ^res}^ inc.. Cambridge, Mass 02142. p 259. 



the World food problem must be contingent on even- 
tual balancing of population and resources. Whether 
this will be accomplished on a regional scale, with 
vastly different levels ofWterial life, or on a world 
scale, with considerable Kmity in quality of life, is a 
choice that lies ahead. 



•Equity 

The third solution "Ijluster is one of equitable 
availability of resources ^o support food supply sys- 
tems. Two elements dominate this cluster. The first 
is a decline in the energy intensiveness and resource 
demands of industrialized agriculture; the second, 
builds upon local initiative for agricultural de- 
velopment in nonindustrial areas. Reafizing these 
goks may require more than humanitarian commit- 
ment: maior segimnts of the world food system may 
have to be removed from the Mechanisms of 
economic markets and from the domination of 
economics in the formulation of political policy. Re- 
lated to this cluster are larger questions of world 
economic processes and access to resources and 
wealth; examination of food supply provides a brief 
gjimpse of even broader qu^tlons of economic jus- 
tice. As children, our mothers chided us for not eat- 
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Figure 16. Population Growth and Resources. Four po- 
tential relationships brtween population and resources are 
-illustrated: a) continuous growth; b) sigmoid or logistic 
approach taequihbrium; c) overshpot and oscillation: and 
d) overshoot and- decline. Adapted with permission from 
Meadows. Dennis L. William W. Behrens III Donella H 
Meadows, Roger F. NaiU. h^n Randws. and Erich IC O 
Zahnr Dyanmics of Growth in a Finite World, copyright 
1974 by Wright-Allen Press. Inc.. Cambridge. Mass 02142 ' 
p. a 



ing while children elsewhere were starving. A 
mother's admonition rings fnghteningly true. ^ 

Decreasing Resource Demands 
by IndustnoJ Agpcultxire 

The principal reason to alter the nature of indus- 
trialized agriculture i« not. as skeptics have 
suggested, to redistribute food t« hungry masses. 
Rather, the purpose is to make agricultural inputs 
accessible where their marginal returns are greater 
(and at lower prices); to improve the healt£ of con- 
sumers in industrialized nations [by adjustment oT 
diet quantity and quality to levels pf necessity rather 
than gluttony); and to enhance the evolution x)f pro- 
diK:tion technologies less vulnerable to the kinds of 
disruptions cited earlier in discussing' the green 
revolution. 

A variety of methods have been suggested for de- 
creasing resource consumption in industrialized 
Jood supply systems (Brown. 1974:110-111; Wittwer. - 
1975:383). Energy inputs, for example, can be re- 
duced by more efflcienttransportation systems, proc- 
essing, and container technology. Irrigation effi- 
ciency can save water and legume rotations can save 

N 
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Figure 1 7 Stability in the Agricuitural Sector of Worlds. 
ThU simul^ion assumes levehn^ of population, industrial 
output, and persistent pollution in the year 2000 Note the 
trajectory of each variable from 1900 to 2100. Adapted 
with permission from Meadows. Dennis L. WilliamyVV. 
Behrens ID. Donella H. Meadows. Roger F> Naill. Jorgen 
Randers. and Erich K O Zahn. Dynamics of Growth m a 
Finite WQri4. cop>Tight 1974 by Wright- Allen Press, Inc. 
Cambridge. Mass. 02142. p 361, 



fertilizer. Two Specific examples will suggest that 
substantial levels of resource savings are possible 
with negligible threats to the provision of food 
supplies, and with both humanitarian and economic 
benefits. One example is' the animal protein depen* 
dent diet; the other, use of agrichemicals. * 

Animal Versus Plant Protein - 

One of the major means for reducing the resource 
demands of industrialized agriculture ifalteiation of 
the animal based diet toward greater dependency on 
plant protein. This does not mean eliminating ani- 
mal products from diets. As ruminants, cattle, sheep, 
and goats can use foods that cannot be dige^ed by 



1 Food b pW)duc8d'from ^le land and agricultural inpuU {fertilizOT. seed, pesticides). 

2. Food output increases when the arable land area, the land fertility, or the amount of agricultural mputs 
are increased. 

3. There are decreasing marginai.retums to the use of agricultural inpuU. 

4 The amount of potentially arable land is finite, and deVcHopment costs per hectare (for cleanng^oid^ 
irrigatioB dams) increase as the, stock 5f potentiaUy arabte land decreases; in other words, the best and 
moat acx:6ssiUe land is used first. ^ ^ 

5. Newly developed land enters at the current average land fertiiity. 
' 6. Arable land erodes frreversibly on a time scale of centuries when subject to intense cultivation, unless 
countermeasures are taken. j j- 

7. The stock of arable land i^ decreased by urban-industrial building activity, the rate of decredse dependmg 
on both population and industrial growth. * • j 

8, Total investment in agriculture increases in the long: run with increasing industrial outpuf per capita and 
in the short run when forced to do so by food shortages. ... 

• 9. Agricuhuial investment can be used to develop new land or to increase the ^amount of agricultural mpirts 

oTpresent Itod. Investment is allocated on thr basis of the relative marginal productivities of the options 
measured in vegetable-equivalent kilograms per dollar-year. 

10. The capital intensiw use of land can lead to pCTsistent poDution of the land (high pesticide 
^ concentrations, salinity, heavy-nwtal poisoning). * "f^ 

11. Land fertility decreases on-a time scale of decades when the level of persistent pollutanU becomes high. 

12. Land fertility regenerates itself over decades, and the i»ocess can be speeded up by proper land 

• V [naintenance. • . * , 
^ 13 Farmers\end to maintain soU fertility by the proper use of capital except when pressured by extreme food 

shortages. 

14. LaiKi yield is reduced by air pollution. 

Source: Assembled from Randers and Zahn {1974). in Me^iows. et <^^^J^ Gronth m o ^^^^^^^^^^^^ 
Wn^^ Piei^ Ilia. pp. 26a-2e9. Oipyright 1974 by Wrigbt-Alten Pr«i. Used l?y pennission of D U Meedowi «id Wnghl-Aflen 



man. including crop residues, forage crops produced 
on land not aiyted to other crops, and pasture that is 
not cultivable (Hodgson. 1976; Janick et ai., 1976). 
Forage crops as part of soil restoring rotations in- 
clude nitrogen-fi^dng legumes. Thus, there are many 
caaes where ^nimala play an important role in food 
supply systems, where they are fully integrated inlo 
m ecologically ratioMl' rotation. system, or wtere 
they indir^y harvcSf food resources that otherwise 
would be lost to man. - 

V^Siat can be reduce^* however, is^tne allocation of 
feed grains to livestock, replacing that portion of^ 
animal protein intake with vegetable protein, or 
slackening im)tein intake to sufficient rather than 
superabundsint levels. When fed with foods other- 
wise availaUe to man, t>r food inoduced on land that 
could produce human food, great inefficiencies 
occur that can be attributed priinarily to dietary pre- 
dUectioDS rather than to biological necessity. Vari^^ 
ous estimatas have been made of the conversion ef- 
ficiendes of livestock, as represented in the products, 
consumed by humans (Table 30). The various ef* 
ficiendes can be seen readily in market prices for 
food coounodities, as well as in dietary advice for the 
poor— milk and eggs are much less expensive 
sources of animal protein, than meats. Typically, 
meat ibices range from broilers (1^^ expensive), 
pork* and beef to lamb. 



What would be gained by a decrease in the animal 
portion of diets? First.Jand for human food produc- 
tion would be idcreased greatly. Forage crop and 
feed grain land would be available for producing 
human food. Also, the amount of land needed to 
provide protein supplies would be vastly decreased 
(Table 31). LockCT^ (1975: 270) suggests that from 
three to six times as much land may be required for 
beef production compared to vegetable protein in 



TABLE 30. 



ESTW^TED 



LIVESTOCK CONVERSION ^ 
EFFICIENCIES 



Animal 



Product 



Cow 

Pig 

Sheep 

Chicken 

Goat 



Milk 



Pork 
Lamb 
Broilers 

Egg* 
Milk 



Conversion Efficiency (%)• 


Energy ^ 


Protein 


17*19 (44) 


25-31 (47) 


3-8 


4-15 


, 13-15 


9-20 


2-6 


4-10 


10-12 


lS-25 


13-18 (20) 


20-27 (36) 


(25) 


(44) 



* Rcngs of values includes typical viluM Qcnick et cl, 1976: V«| 
Vlaci. 1975.' Pimenlel et aJ . Heichel and Frink. 1975) end. In 
pciTOtheeet. potentially fetdble value* for milk and eggf (Byerly. 
1967). 
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TABLE 31. COMPARATIVE RESOURCE USE FOR HUMAN PROTEIN SUPPLY ALTERNATIVES 



Region and 
Productibn * 
System* ^ / 

Texas High Piains 

Nonirrig^ed 

IiTig^ed 
Wttrtern Nebraska 

Noniirigated 

Irrigated crop^* 
► Irrigated crops * 

and 'past lire 
NcMthern Indiana 
Georgia Coastal Plain 

Grain-fed. 

Pastare-fisd 



Ratio (rf resource use beef Induction to eqm 

^ , frrigation 
Croplapd^ EnCTgy<' Water Fertilizer 



3.0 

5.9 

3.2 

32 
4.0 

3.4 
0.3 



10 

5 

17 
17 

24 
11 

14 
14 



4' 



22 
4S 



B 
19 

7 
10- 

26 
10 

10 
12 



/ 



U^klJS'^^^^ plus feed grain and protem supplemepr with foedlot finishn^ {except Georgia pa^mre^ 

• are* ^ ' 



* Not including pasture, soitae of wluch may be cuJtivible. 
^Inclnd es slaughter qrt flour procetaing 

Swce: Lockaratz (1975270), Used by penma^ of ibe foumal of Soil and Water ConaervatiorL 



most parts of the U.S. Second, water resource use 
would also be decreased, with irrigation require- 
ments alone 4»ing four to 45 tim^ greater for beef 
than for other field crops. Bradley (ld62) sugg^ 
that the fetal water cost of is 25 times that of a 
vegetariii^ diet, considering water needs of plaiits 
supporting each system. Fertilizer requirements 
could be substantially decreased (one-seventh or 
less), as could be ovjerall energy requirements (one- 
fifth or lessT. In sunynaiy. at 197D U.S. crop yields. 
: one hectare of cropped land could provide lie an- 
. nud protein needs of eight (wh^Q to 16 (soybeans^ 
adults, taking into account net ^tilizable protein 
(Pimeiiel et oJ.. 1975.756). 

Several counterarguments are often'raised con- 
teming lt» utility of a |)6tentiah decrease in animal 
• consumption. First, it is|X)inted out that aniiilals use 
some foods not available to man. However, an ani- 
mal based diet in the industrialized world does rep- 
resent a substantial allocation to livestock feed 6! 
both, human foods and the^ resources to produce 
these food^. Second, it is argued that food resounds 
made available by such, a change could n6t effi- 
ciently or' continuously be allocated to developing 
areas. This argument ignores/however, the deciBase ' 
^ resource demands such a change would- bring— a 
decrease Id demand for energy, fertilizm, and other 
agricultural input#-^us providing less competition 
and perhaps lower prices for these inputs to the de- 
veloping areas. Certainly only modest dietary 
change could reestablish the food stodqules eroded 
daring recent years. Fuiti&ermore. it > suggested that 
cultural* political, and economic obstacles make re- 
ducing mpgt output in Amerita quite unlikely {Hop- 
pv, 1976rl97). However^ tfaete are ahamative process- 
es 1o pdcompUsh this end. One is # marlced decrease 

''a 

er|c . ' , 



in agricbemical use. driving meat product prices to 
commensurately higher levels, with increasing abso- 
lute differences in price between vegetable and ani-^ 
mal sources of prot^. Alternatively, the govern- ^> 
mCTt c^uld impose a ceiling on meat consumptioa, 
with coupon- rationing and price controls 
on animal products requiring- resources th—. *^s,mp^ 
prekiiice nutritionally equfvalent grains and legnn^ 
(BScksti^nd and Ingelstam. 1976). Finally, it is ar- 
gued that scientific research is improving the ef-. 
ficiendes of feed conversion, and this, in cip^unc- 
tion with increased use of nonhuman foodreKoces. 
will make animal derived foods available wSn more 
attract! vexosts and efficiencies than- now exist. This 
argument. hoWever. also suggests that the sooner po- 
tential »human foods are denied for animal, suste- 
nance, the more rapidly these Innovati^ will 
enterge. if for no o^r reasoU' than price incentives^ 
to find innovative meat production technologies. We 
can conclude that what. political decisions cannot 
now equitably and humanely determine about ani- 
mal food consumption, the marketplace will eventu- 
ally decide, too late perhaps to save squandered re- 
sources. " 

• Agrichemicais 

'^est eradication, was. a^ilptent theme accom- 
panying use of chemical pesticides. In com produc- 
tion, pesticide use increased thirty times in i^ last 
twenty years, but insect losses tripled. Pest resis- 
tance to^hemicals, accompanied by high costs and 
environmental contaminatibfa. may change the pat- 
tern of pesticide use. Economic and environmental 
consequences of the eradication approach have lead 
to incr&sing emphasis on biological controls and 
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pest management. Biological controls include those 
kinds of pra9tices we mentioued in discussibn of 
traditional Agriculture — encouraging natural ecolog- 
ical balance by the nature of production-ror use of 
natural parasites of pest^. Fo^xample. California 
viticulturalists plant^ ^ergreen, blackberry busnes 
near the vineyards as hosts for a Vasp that preys orj 
the gVape Feafliopper. Pest managemeat includes the . 
use of pesticides, but only on a "when needed" 
rather than a routine basis. Based on knowledge of 
development of the pest's life cycle, field inspec- 
tions, and compyter modeling, it is possible tcrpre- 
dfct when pest outbreaks are likely, and for farmers 
to receive advisory^ mess*^es at that time. Potato 
producers in Pennsylvania, apple orchard owners in 
^licTiigan. and cotton producers in California can 
%se integrated pest management systems. Biological- 
controls and integrated pest control might break the 
^ious circle of incrdlBed pesticide use accpm- ' 
panied by. rising crop losses as pests develop resis- 
tance (Brody. 1976) . 
'4k is conceivable that American farmers could 
elkrtinate the use of chemical fertihzers and pes- 
ticides. Ch^man (197^). foi*«fexample. suggested , 
some consequences of pegulation 'and .prohibition of 
chemicaf'use. Among these would ^ an increase in 
cultivated land with mcreased soil erosion as margf^ 
nal land comes mto produttion; higher food prices: , 
smaller exporrtable surpluis, changed food apf)ear- 
ance as a result of insect .4r bacterial spoilage; and 
potential decline in f^e^ts a'rfd other intensive 
production units di^ndent on chemicals A return 
to crop rotation'raraer than monoculture would oc- , 
cur, as well as a decline in emigration from farming 
areas. Farm incom^ould^ increase, a projection that ^ 
is substantiated by studies of contemporar>' organic 
farms undertaken by the' Center for the Biology of 
•■Natural Systems at Washington University (Lock- 
eretz et al\ 1975). Sixteen organic farms in the 
Midwest were^tched with control farms on the 
basis of size. soiVtype, location, and^croplivestpck 
production systei\. Although both farm groups- 
organic and inorgmi^were highly "mechaniz^ji^l 
the organic farms usea only one-third the -total 
energy iriput of the control farms per unit of produc- 
ti^. The market value per acre* was only slightly 
'lower (eight percent) for the organic farms oh an ac- 
reage basis, and the difference between crop value* 
an^ operating costs was virtually identical for the 
two groups, because of the lower inpu^ costs for the 
organic farms. This concli&ion suggests that if or- 
ganic farming were widespread, and commodity 
prices increased accordingly, farm incomes could 
indeed increase. • 

It is difficult to measure (he potential Wnpact of 
pesticide prohittitioji. It is certainly erroneous t9 ex- 
trapolate from isolated organic fanns-^mids{ pes- 
ticide using neighbors. The neighbors provide an 
^ obvious ^atial buffer decreasing the risk of peats, 
diseases, and weeds. Pimentel (1973) argued that 
prohibition of pesticide use in the U.S, would cause 



, a seven percent increase in crop losses. This loss 
would be less than the annual ten percent produc- ^ 
tioh surplus. Pesticide prohibitfon woQld raise farm 
product value by one-quarter bit retail food prices 
by only nine percent (Pimentel, 1973). since only 
one-third to two-fifths of food prices are determined 
by farm commodity prices (Chapman, 1973). 
*How could {iesticide use be curtailed? One 
mechanism is price. At present, the benefit-cost ratio 
*for pesticides is about three to one. This means th^t 
every dollar spent to purchase and apply p^sticf^es 
yields tkree dollar? increase in crop yield (Pimentel 
1973^1 If pesticide costs were increased, this 
ratio would be less favprable. Among mechanisms 
for raising t^iese priceH^uld be higher input costs 
pesticide ;nanufacturing (particularly petroleum 
ds): Jiigher costs involved in proving safety of 
icides before use; and taxation. Increased prices 
■ ■-^Jt not b^ sufficient however, ^jecause decreased 
pisncide use accompanied by lower production 
would r^ise 'commodity pnces. thus increasing the 
potential benefit-cost ratio. The alternative 
mechanisms are government control, such as exerted 
by the-U.S. Environmental Prptection Agency on en- 
vironmental contamination' abd by the Food and 
Drug Administration on chemical residues on food/ 
and consumer preference — a demand for organic 
food^ Outright legislated proWbifion would face in- 
surmountable political andmidustrial opposition. 

A negative change ui raefgy intensiveness in in- 
dustrialized agr^ulture is a two-edged, sword. On 
the positive side are these potential results' 
Impetus to maintain land in farms / 
Increased income to farmers • ^ . 
Greater farnvempleyment * 
Decreased ecological and health risk from- chemi- 
cal residues* 
Use- pf natural pest controls 
Use of fertility enhancing crop rotations ^ 
On the other* hand, these would ^Iso result 

More land in cultivation 
* Greater risk of erosion on margi;ial land , 

Smaller crop production 
*4^igher food prices 

Less exportable surpluses 
Alone, a simple decrease in energy use rn indus- 
trialized agricuhure— primarily through reduction 
in agrichemicals — would reduce significantly de- 
mand for fertilizers, pesticides, and herbicides, wjlh 
the potential of making these commodities accessi- 
ble at lower prices tp developing areas where iheir 
use is appropriate In other words, the. means for 
production rather than the food itself would be real- 
located ^ , ' • 
The joint effects of dietary change and^a decrease 
in energy intensity would be less ecologically dis- 
ruptive, since the cropland saved front allocatiQ|LtG 
feidgrain production would. offset decreased yrefds 
from agrichemical prohibition. Substantial 
economic dislocations would occur, since many 
American grain fangers also produc^vestock prod- 
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u'cts: agricultural input industries would be 
verely affected. Even if these two policies were 
adopted— a substantial decrease in -animal-derived* 
foods and a signi/icant decline in agrichemjcal 
• use— planning for c^shiorfin^ the economic imj^cts 
is ^ major iHjdertaking. in addition to the need for 
. planning effective transfers to developing areas of 
mobilized resources: 

There are moral, ethical, environmenlaJ. and health 
argument for the nch tq alter their consuraptjon to 
benefit the poor which do not need to be justified by 
the gumption that jJroducticn possibilities are lifn- 
. ited. or that food will be i^ore costly an(i scarce^ . 
unless an effective institutional mechanism Is esrab- 
Ushed to transfer the sacrifices of the rich—in food, 
resources, or income— to the poor anSi mal- 
nourished, such sacnfices are not likelv To be effec- 
tive (USDA. 1974a 52) 

Enhancing Local Initiative m Developing Areas .. 

Incr^ingly it has been recognized that food sup- 
ply systems 5f the developing areas are ultimately 
dejJendent on small-scale farmers and opportunities 
for increasing their -productivit>' w\tt^ion to the 
-small fanner as opposed to largfl-^tatfe schemes can 
be seen in statements of agriculiural philosophy, pol- 
icy, and practice Ward (1974:25)." for example, has 
sug;g^\|^ that: 

i4 1^ upon (the) strategy of backuigMhe small 
men^he half billioa small farmers in the de%*elcp- 
^ ing world^hatMhe hopes of feeding most of maa4 
itind in the longer term depend. 

Recent statements of intent by the World Bank 
(1976:15-17) parallel ver>' clpsely new directions m 
USAID assistance. focusing on improvmg production 
in rural areas, with a strong component 6f equity or 
shared opportynity by significant nu«}bers <5f- rural 
poor: 

The bank 'believes that rural develepment prop- 
erly conceived and carried out need not conflict 
with the obiectives of^high'er food production In- 
deed, studies indicate that small farmers are often 
more efficient in the use of farm resources then are 
large farmers And though jt-may take longer to in- 
crease food output on small farms than on larger 
units— iljs more difficult, for instance, to devise and 
implemenl development schemes involving large ^ 
numbers of smallholders than those affecting onh a 
fevv- large-scale farmers-^he Bank has concjuded 
that, in, the longer run. increases m food producUon 
^ of^ magnitude required to satisfy- wo'ridvwide de- 
mancftan only be achie%'ed by helping small farmers 
increase their productivity and output , 

In practice, a number of'studies have suggested the * 
positive, focal role of small-scale farmers in de- 
velopment, such that enhancing theirxontributions . ' 
to development planning is increasingly imperative % 
(Knighl. 1974: Morss et d . 1975; Crosson. 1975). 
FirsC local farmers are often aware of problerfik and " 
\constraints oW productivity Second. ampl6 evMence 
haA accumulated to suggest that they'rf^spon^f^i- 
tively to^oppprtunnies that are environmentally. 
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economically, and socially sound, given appropriate, 
material and institutioriatjQB«fesities. Third, muqh 
of the gains in producti^y^dLtash and food crops in 
developing areas have.baftq achieved \^ small-scale 
fantiers. Finally, in traiiitional technologies, poten- 
tial new ideas of wid^ applicability may be found. 

One example of ^e potential use of traditional 
practices fpr agricultural development is the recent 
spread of water fern cultivation in rice pa<iBfes in 
Vietnam and southern China (Q^alston. 1975). In Thai 
Binh province of northern Vietnam, fanners have 
cultured the water fern, each year transplanting the 
fera to rice paddies. The fern vegetatively propa- 
gates, eventually covering the surface of the watei*.- 
Rite yields are increased by fifty to 100 percenl due 
to nitrogen fixation by a blue-green algae that lives 
in pockets on the water fern leaf. The symbiosis of ' 
the algae and fern is turned by these fairoers into a 
symbiosis of rice and humans as well Preserving the 
fern for the annual inoculation was a well-guarded, 
indeed valuable secret, kept even from local women 
.who mighttnarry int5 outside villages The peasants 
were pursuaded to share this technology during the 
rice shortages of recent decades, and techniques of 
'water fern culture are no longer sec^ This ti^r 
tion^ technology is proving of gr*t value in the^ 
a^^K^of fertilizers 

lV|^is danger that many traditional technologjps 
may oe lost as "n^odem" education and agricultural 
practices supplant traditional knowledge and " 
technology. If we view these traditional practices as 
a source of mnovahon, it is clear that they greatly 
enhance potentials for local agricultural improve- 
ment, as well as multipFy the numbers of potential 
"solutions" to the worlS food problem. For example 
the Chinese government eneonriges traditional pest 
control practices along, wit^j modern procedures, 
with emphasis on prevention as welt as on cure 
(Chiang. 197%) 

Successful release of the latent potentials of farm- 
ers in the developing areas raises practical and 
ethical questions Practically, science and technol- 
ogy iTrttst.^ork cooperatively within local environ- 
ments»in seeking solutions. "Appropriate" or "alter- 
native ' technologies may hiake the technological 
progress of the industrialized world availably at^a 
scale relevant to the small lylder in developing areas - 
(SchmnacL^. 1973: Dickson. 1974; Wade. 1975b. . 
Chidekel4/l975; Makhijani and Poole. 1975) H6w- 
6v;er. is it ethically acceptable for dooor nations to ^ 
focus on development and diffusion of technologies 
that^afe now questioned in the industrialized areas^ 
Can we justifia))ly encourage dependency dfi pe- 
troleum when we continue'to squander this resource ' 
for our owa food prod4Jction and "necessities" ^f 
life? As Schumacher (1973:28) suggests: 

Wns glear fhal the rich are in the process of stripping 
the world of its onc^for-all endowment of relaliv«*l> 
^cheap and simplejto-use) fuels 

The vuljierabilif^^ of green revolution technology 



suggests the desirability of either fundamentally dif- 
ferent a^roaches to agricultural dey^opmini or a 
basic restructuring of flie.world-ecoporfc system to 
-assure careful husbanding of energy resources. 
Given the improbability ofthe latter, the former as- 
sumes crucial importance, 

TheHisk of Duality 

The ultimate hope of technology is that somehow 
the gap between rich and poor will l?e closed for 
most of the world's people. A partial conimitment to 
solutions that are locally adaptive and equitable — 
such as developing local initiative or assuring a 
modicum of access to resources-rimposes a common 
risk with techiwlogical solutions tl^t onTy partiaUj* 
succeed: increasing duality, and the potential of 
.'triage. Economic- social, and spatial dualities in de- 
veloping •areas ar^ already *taroiliar. as are Similar 
distinctions between the industrialized and develop- 
ing areas. Fro^. the acceptance of duality, 
triage is only a short step down a road toward, the 
end of our morality. If we have neither the hope nor 
the moral oommitment that all of humanity shall 
have equitable access to wo/ld resources and oppor- 
tumty for freedom from hunger. w€ face an increas- 
ing probability of triage being seen as inevitable and 
therefore acceptable. For some, triage is a fashion- 
able response to the threat imposed by equity and 
justice. 

No short term palliative will redress present in- 



equities in the world economic system. If prev^tion 
of hunger and famine are of highest priority in what 
must be a lengthy and difficult process, this at least 
can be accomplished now. with food production 
technologies presently available and resources 
courageously redirected. Berg (1975:35) has argued 
persuasively: 

After all the political and economic argumenU. deal- 
ing with hunger and malnutrition is a iroral issue — 
that demands a joporal 'response. Why should it be so 
difficult to ju5tif>'? We often hear that national 
policies should flow only from self-interest We 
somehow have failed to recognize that doing good 
- for thi sake of doing good is self-interest. To mosX 
people, ethical, concerns are of value. Qnnpassion 
and human decenc>' may not lend themselves neatly 
to cost-benefit analysis, but the desire for sound 
moral values, and^e transfer of those values to fu- 
> 4are generations, a4N>^niate rationale for Gov- 
y emment xXion Somehow, affluent societies must 
• learn to accept this kind of self-interest as a basis for 
-public policy 

Given the facts, adherence to the lifeboat or triage 
theories is an intell«:tuaJ and moral cop^ut To the 
extMt that there is to be hunger and malnutrition, it 
wilfte a direct consequence of maldistnbution of 
resources among and withuT nations. Enligjitei^ 
policies and actons could preVfent it. and we have no 
choice but to. try To do otherwise would reflect a 
hindamental ind grievous chihfe in the character of 
man. (Cop>Tight ® 1975 b\' the New York Times 
Company Reprmt^ Ijf^^ission ) , 



IV, PROSPECTS 



. . thm is more involved m agncuituraJ opemUons' 
than the production of incomes an^ the lowering of 
costs: what is involved i>a society, the fwohh. hap- 
piness, andharmony of man, as well as the beauty of. 
his habitat 

E. F. Schumacher (1973:111-112) 



In an article prepared prior to the U.N. WorickFood 
. Confoence in 1974, Barbara Ward ctmact^iz^ the 
worid food probiem as "the challenge of justice" 
(1974:25). Our anal^is has led us to the same con- 
dusicm: the world food im>W^m is our own creation, 
and solutions are available, if the industrialized na- 
tions «e %villing to take sufficient moral responsibil- ' 
ity. Let. us stmimarize the argument we luve- de- 
veloped, share with you what woOld appear to us to 
be initial steps toward meeting isu^fdiate food 
needs, and finally suggest elements of a longer-term 
* world food policy. 

Although ttere is considsable uncertainty regard- 
ing the nature and extent of the world food problem, 
hungCT, is a contemporary reality, even within the 
United States. 6y the middle 1970's, much of the 
ability of the world food system to buffer fldctua- • 
tiims in food production had been CToded. with no 
imm e di a te inspects for other than mo<teiiincreases 
in productivity to match population growth, and 
substantial risk of famine in the^bsenee of food' 
stockpiles. North Amerip a^i2lteA increasing im- 
portance as a food source for^ier alsas. depending 
for production on technology with substantial 
economk:, en^getic. and resource subsidization. 

Viewed from the perspective of the basic structural 
requisites of any food supply system, purported ef- 
ficiencier of industrialized food production and pro- 
vision are questionable^ particularly as alternatives 
to traditional food supply systems in develoiring 
areas. Greefl revolution t^hnologies assume tjie 
vulnerabilities of industrialized agriculture without 
its institutional teatures to protect agaiilst variabili- 
ty, having abandoned traditional meank for coping 
%vith risk and uncertainty. The worid food system is 
created by contiol ovw agrkniltural Inputs tod food^ 
conunodities exMdd by the industrialized nations. 
Commitment^ to electients of industrialized agricul- 
htre for food production links adevrtoping nation to 
the world food system, and thus to the worfd food 
problenL ~ 

Althopgh technological solutions are attractive, 
the worid food problem is essentially moral or . 
cal rather than economk or technical in character. 
Food resources are ioequitably distributed within 
and among stations. Chan^ tn diet in the indus- 
trialised areas could immediately reastablis^i food 



stockpiles/and in- the longer view free resources for 
allocatioi^to developing areas. Similariy, a decrease 
in energjf intensity in industrialized agriculture 
could in^ease the availability of agrieultuiral inputs 
for devefoping areas. Nevertheless, xmcertainties of 
petroleum supply suggest caution in adoption of in- 
dustrialized agriculture as a prototype for develop- 
ing areas, even with "appropriate technologies. * As 
Franke {1974;8a) has o^ryed m java: 

The tecl^ology advocates the rate- of- profit 
theorisU. the military dictators, and the large land- 
owi^rs are attempUng to produce enough food for 
the people of Java. They are failing. Their op<ihii$Uc 
^ plans and proglems have created only incre^ed 
human suffering and promise more^ of the^^me.. 
Perlia(» solutions will come, twt from thfoeve^p- 
Tt^nX experts, but from the smalJ farmei^ and land- 
less laborers of Java. 

We find particularly intnguing thaBone pre- 
scription for survival of the American industrialized 

' apicultural system, based upon reduction of energy 
use, calls for smaller, less energy intensive farms; 
farm methods based on biological diversity; legumes 
to minimize fertilizer requirements; biological p^ 
controls; solar pop drying: and windmills for irriga- 
Uon energy (Cfark, 1975). A potential convergence of 
industriiJlzed agriculture anij ..developing tjfedi- 
tional cultivation systems is apparent. 

Thus. solHtions to the world food problem depend 
upon the willingness of the industrialized workl to 

- undergo modest "belt-tightening" in response © its 
own enlightened, moral self-ipterest. Given th^need 
for population growth to stabilize with respect to- 
resources and food production technologies, this 
belt-tightening may be insufficient to solv^ popula- *^ 
tion problems, raising a larger **chk:ken and egg ' 
proposition concemtn^the primacy of population 
growth or development, a topic not considered here. 
' Among potential policies to solve immediate 
hunger and famine probleni^i^arew these: 



(1) 



(2) 



A voluntary decrease in calorie, protein, and 
particularly animalderived food consump- 
tion in die indus&ialized areasj 
ConveMon of substantial feed grain crop- 
land to buman foeds and subsequent estab- 
lishment of food stockpiles and distribution 
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pfograms financed by industrialized 
econ<Hnies; and 
(3) The explicit assumption by the political 
leaders and citizens of the industrial nations 
of moral responsibility' for meeting short- 
term world food needs. 

In the long run, worid food problerns can only be 
addressed* in our \iew. as pail of^ fundamental 
reordering of world wealth " Among mechanisms of 
direct relevance to food supply are these: 

(1) Food rationing in industrialized nations, 
with particular emphasis on liauting animal 
derived food intake* dependent on' resources 
^capable of producing human food. 

(2) Severe limitation on use of agricultural 
chemicals in industrial nations b>' rationing 
or taxation. ^ 

(3) Substantial energy taxation m tne indTis- ^ 
trialized areas, with taxation inversely pro- 
portional to reserves of each fuel source and 
with small lax rebates to cover true energy 
consumption necessities by the poor; and 

(4) A formal commitment to development 
financing by the^mdustrialized nations, each 
of which is assessed proportionally to gross 



national product and toTndices of consump- 
tion of world resources. 
Perhaf^ most important is a policy that cannot be 
legislated, a. policy of moral commitment to equita- 
ble, humane solutions to the world food problem. 
We must recognize that these solutions will have a 
profound impact on ourselves as well as on thif 
world's poor. Adjusting to these impacts may be one 
of the greatest challenges those accustomed to the 
material consamption standards of the indus- 
trialized wdlrld wnl face. Nevertheless. ;a cbmmit- 
ment must be made. As persuasive and as seemingly' 
dispa»ionate as scientihc analysis of the situation 
might appear, arguments about solutions to the 
world food problem will remain inherently 
philosophical, moral, and political. To solve the 
worid food problem, we will pay the necessar>' price, 
if only because triage is unconscionable. If 
economics should have any bearing upon our deci- 
sion, perhaps we could take comfort that moral ac- 
tion will be "cheaper" while energv* supplies are still 
relatively, plentiful 

I sM on a- man's back, choking him and niaiung him 
cam- me. and yet assure myself and others that I am 
ver>' sorni for him and msh to case his lot b> any 
means possible, except genmg off his back (Leo 
Tolstoy quoted b>' Clinton 1976j 
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